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SUMMARY  AND  RECOMMENDATIONS 


The  Windsor  Air  Quality  Study  was  initiated  to  assess  the  exposure  of  Windsor 
residents  to  airborne  toxic  chemicals,  by  obtaining  a  better  understanding  of  the  sources  of 
air  toxics  in  their  airshed  and  of  the  potential  health  effects  associated  with  exposure  to  these 
compounds. 

A  risk  analysis  was  imdertaken  to  evaluate  the  chronic  health  implications  associated 
with  the  study's  findings.  The  objectives  of  this  health  assessment  were  to: 

•  characterize  the  risks  due  to  airborne  toxics  in  Windsor; 

•  identify  candidate  substances  for  exposure  reduction;  and 

•  place  the  inhalation  risks  from  outdoor  air  in  perspective  with  other  risks. 

This  information  should  provide  the  Windsor  Air  Quality  Committee  with  a  partial 
basis  on  which  to  reach  decisions  regarding  the  most  effective  means  of  reducing  exposure  to 
specific  air  toxics  in  the  Windsor  airshed.  Additional  information  for  making  these  decisions 
will  be  provided  by  other  reports  of  the  Windsor  Air  Quality  Study,  in  particular,  the 
Mathematical  Modelling/ Source  Apportionment  report. 

Risk  analysis  for  each  compound  consisted  of  three  components: 

♦  Identification  of  the  range  of  risks  associated  with  inhalation  exposure, 
based  on  values  established  by  leading  agencies,  such  as  the  United  States 
Environmental  Protection  Agency  (US  EPA),  the  California  Department  of 
Health  Services  (CDHS),  and  the  World  Health  Organization  (WHO); 

♦  Determination  of  exposures  in  Windsor,  using  the  mean  and  90th  percentile 
concentrations  of  measured  outdoor  air  pollutants  (Windsor  Air  Quality 
Study:  Ambient  Air  Monitoring  Activities),  as  well  as  concentrations  in 
various  microenvironments  (Windsor  Air  Quality  Study:  Personal  Exposure 
Survey  Results);  and 

♦  Comparison  with  the  guidelines  for  outdoor  concentration  limits  set  by  a 
number  of  regulatory  agencies. 

This  risk  analysis  approach  is  vddely  accepted  in  North  America  and  Europe.  It 
allows  an  evaluation  of  risks  associated  with  different  exposure  scenarios.   The  range  of  risks 
derived  accounts  for  the  differences  in  cancer  potency  factors  put  forward  by  leading 
agencies.   However,  the  approach  is  very  conservative  and  may  overestimate  risks  at  the 
higher  end  of  the  range. 


Three  main  inhalation  exposiire  scenarios  or  situations  of  interest  were  considered: 

•  outdoor  air  quality  (i.e.  100%  outdoor  exposure) 

•  typical  outdoor  exposure  (i.e.  =  3  hr) 

•  typical  personal  exposure. 

Both  carcinogenic  and  non-cardnogenic  health  risks  were  addressed  for  these  three  situations. 
To  place  inhalation  risks  in  perspective,  exposures  from  other  routes  were  also  evaluated. 
These  included  ingestion,  dermal  absorption,  and  tobacco  smoking. 

Direct  health  effects  from  low  level,  long  term  exposure  to  air  toxics  are  difficult  to 
measure,  but  the  estimation  of  cancer  risks  is  believed  to  be  the  most  reasonable  scientific 
approach.   These  estimates  are  very  conservative  and  are  stated  in  terms  of  probabilities 
rather  than  as  absolute  values,  but  they  do  provide  a  basis  for  prudent  decision  making  and 
for  risk  comparisons. 

Most  regulatory  agencies  consider  that  risks  below  the  1  X  10"^  level  (i.e.,  an 
incremental  cancer  case  of  one  out  of  100,000  people)  to  be  negligible.   This  level  was 
therefore  used  as  a  guide  for  identifying  substances  of  potential  concern  in  the  Windsor  area. 

Inhalation  Cancer  Risk  Estimates 

Risk  estimates  were  obtained  from  exposures  based  on  the  mean  to  the  90th  percentile 
concentrations  of  pollutants  measured  in  the  Windsor  area  and  on  the  range  of  potency 
factors  proposed  by  leading  international  agencies  (US  EPA,  CDHS  and  WHO).   The  low  end 
of  the  range  of  risks  corresponds  to  the  mean  measured  concentration  and  the  least 
conservative  potency  factor.  The  high  end  of  the  range  corresponds  to  the  90th  percentile  of 
the  measured  concentrations  and  the  most  conservative  potency  factor,  and  is  thus  the  most 
conservative  risk  estimate  overall. 

In  identifying  the  chemicals  of  greatest  risk,  inhalation  cancer  risks  may  be  estimated 
using  two  approaches.   The  first  and  most  conservative  approach  identifies  all  substances  for 
which  the  high  end  of  the  range  of  risks  is  elevated  above  the  1  x  10"^  level.   Thus,  the 
substances  contributing  to  the  higher  risks,  in  approximately  decreasing  order,  are  as  follows: 

•     Outdoor  air  quality:  hexavalent  chromiiun  (chromium  VI),  benzene,  1,3- 
butadiene,  polycyclic  aromatic  hydrocarbons  (PAHs  which  include 
benzo(a)pyrene  [B(a)P],  carbon  tetrachloride,  cadmiimi,  acetaldehyde, 
perchloroethylene  and  1,4-dichIorobenzene^ 


^Listed  last  because  of  the  provisional  nature  of  the  risk  estimates  for  this  substance.  Classification  of  1.4- 
dichlorobenzene  as  a  carcinogen  has  recently  been  removed  from  the  Integrated  Risk  Information  System  (IRIS) 
database  by  the  US  EPA.  Hence  the  calculated  cancer  risks  may  bear  no  significance. 


•  Typical  outdoor  exposure:  (generally  lower  than  risks  associated  with  outdoor 
air  quality):  chromium  VI,  benzene  and  1,3-butadiene 

•  Typical  personal  exposure:  (generally  higher  than  the  other  two  situations  of 
interest):  1,3-butadiene,  benzene,  chromium  VI,  chloroform,  carbon 
tetrachloride,  PAHs,  acetaldehyde,  perchloroethylene,  ethylene 
dichloride,  formaldehyde,  methylene  chloride,  cadmivun,  and  1,4- 
dichlorobenzene* 

The  second  approach  targets  only  those  substances  where  the  major  portion  of  the 
range  of  risks  is  elevated  above  the  1  x  10'^  risk  level.  This  approach  is  probably  more 
reasonable  since  conservative  assumptions  are  already  built  into  both  the  exposure 
measurements  and  the  potency  factors  proposed  by  regulatory  agencies.  Based  on  this 
approach,  the  substances  contributing  to  the  higher  risks  (in  no  particular  order)  for  the  three 
iiihalation  exposure  situations  are  as  follows: 

•  Outdoor  air  quality:  chromium  VI,  benzene,  1,3-butadiene 

•  Typical  outdoor  exposure:  No  substance  identified. 

•  Typical  personal  exposure:  1,3-butadiene,  benzene,  chromium  VI, 
chloroform,  carbon  tetrachloride,  PAHs,  acetaldehyde,  perchloroethylene, 
ethylene  dichloride,  formaldehyde,  methylene  chloride,  cadmium,  and 
1,4-dichlorobenzene 

It  is  recommended  that  all  the  substances  listed  above  be  considered  as  candidates  for 
reduction  of  exposure. 


Inhalation  Non-Cancer  Risk  Estimates 

Chronic  health  effects  are  generally  associated  with  higher  exposures  than  cancer 
effects.  Inhalation  non-cancer  risks  were  estimated  for  the  three  main  situations  of  interest, 
using  ranges  of  exposures  and  ranges  of  health-based  acceptable  exposure  levels  established 
by  regulatory  agencies. 

Risk  may  be  evaluated  quantitatively  by  calculating  a  ha2ard  index,  which  is  the  ratio 
of  the  exposure  concentration  of  a  certain  pollutant  in  air  to  the  acceptable  chronic  exposure 
level.  If  the  hazard  index  exceeds  one,  then  possible  long  term  effects  may  be  associated  with 
exposure  to  that  substance.  The  exposure  situation  is  then  identified  as  requiring  possible 
improvement. 


The  following  substances  were  identified  to  be  of  potential  concern  with  respect  to 
long  term  health  effects: 

•  Outdoor  air  quality:  fonnaldehyde,  cadmium,  chxomixmt  VI  and  manganese 

•  Typical  outdoor  exposure:  formaldehyde 

•  Typical  personal  exposure:  1,3-butadiene,  carbon  tetrachloride, 
fonnaldehyde,  chromixmi  VI  and  acetaldehyde 

It  is  reconimended  that  all  the  substances  listed  above  be  considered  as  candidates  for 
reduction  of  exposure. 

Health  Risks  front  Other  Identified  Sources 

Besides  inhalation,  humans  are  exposed  to  chemicals  through  ingestion  of  food  and 
water  and  via  absorption  through  the  skin.   Ingestion  was  identified  as  a  major  route  of 
exposure  for  several  substances:  formaldehyde,  cadmium,  chromivmi  VI,  PAHs, 
dioxins/furans  and  mercury.  Of  these  substances,  it  was  found  that  PAHs  may  contribute  to 
health  risks  via  the  ingestion  route. 

Ingestion  or  dermal  exposure  to  1,3-butadiene,  carbon  tetrachloride  and  1,4- 
dichlorobenzene  may  also  contribute  to  health  risks,  although  the  inhalation  route  is  more 
important.  Limited  analysis  indicated  that  the  ingestion  and  dermal  pathways  for  benzene, 
cadmium,  chromiimi  and  formaldehyde  are  not  significant  for  one  or  more  of  the  following 
reasons: 

•  The  substance  is  not  carcinogenic  by  these  routes  of  exposure. 

•  Exposures  by  these  routes  is  much  lower  than  by  inhalation  and  therefore 
contribution  to  carcinogenic  risk  is  negligible. 

•  Exposures  by  these  routes  is  less  than  the  oral  reference  dose  (RfD),  which 
is  a  guideline  set  to  prevent  systemic  nonordnogeruc  effects. 

Based  on  the  existing  monitoring  information  for  dioxins  and  furans,  it  was  found 
that  the  sum  of  exposures  from  aU  routes  is  less  than  25%  of  the  tolerable  daUy  intake.  This 
suggests  that  long  term  health  effects  in  Windsor  due  to  these  compounds  are  unlikely.  For 
mercury,  inhalation  exposure  amounts  to  less  than  10%  and  ingestion  to  about  50%  of  the 
applicable  chroruc  acceptable  exposure  guidelines.  This  also  suggests  that  the  possibility  of 
long  term  health  risks  in  Windsor  due  to  mercury  is  unlikely.  However,  mercury  toxicity 
(RfC)  is  currently  under  review  by  the  US  EPA,  and  these  conclusions  should  be  considered 
provisional. 

It  should  be  noted  that,  in  addition  to  cancer  and  other  health  risks,  some  pollutants 
are  persistent  in  the  atmosphere  or  other  environmental  media,  or  may  bioaccumulate  in  the 
food  chain.  These  properties  could  lead  to  long  term  contamination  of  the  environment. 


resulting  in  risks  to  humans  and  various  parts  of  the  ecosystem.  Chromium  VI,  PAHs,  1,4- 
dichloiobenzene,  carbon  tetrachloride,  cadmium,  dioxins/furans  and  mercury  are  such 
substances.  Efforts  should  continue  to  reduce  the  emissions  of  and  human  exposure  to  all  of 
these  substances  to  prevent  possible  higher  exposures  in  the  future. 


Other  Results  and  Conclusions 

Ambient  concentrations  of  the  target  compounds  in  the  Windsor  Air  Quality  Study 
were  compared  with  air  quality  criteria  set  by  the  Ministry  of  Environment  and  Energy 
(MOEE).  With  the  exception  of  benzo(a)pyrene,  both  the  mean  and  maximum  airshed 
concentrations  were  generally  well  below  MOEE  criteria. 

The  carcinogenic  risks  associated  with  the  combined  impact  of  air  toxics  on  outdoor  air 
quality  in  Windsor  were  estimated  to  range  between  5.0  X  10"^  and  9.4  X  ICT*.  The  overall 
range  of  risks  reported  from  other  urban  airshed  studies,  primarily  in  the  U.S.A.,  is  between 
9  X  10"^  and  5  X  10  ^  a  range  which  overlaps  and  exceeds  that  found  for  Windsor.  In  other 
words,  the  risks  associated  with  outdoor  air  quality  in  Windsor  were  not  different  from  other 
urban  areas  where  similar  evaluations  were  conducted.   At  present,  no  Canadian  data  are 
available  for  comparison. 

Typical  personal  exposures  are  dominated  by  indoor  home  and  office  environments. 
Commuting  and  tobacco  smoke-affected  environments  led  to  the  highest  exposure  levels  in 
the  typical  personal  exposure  scenarios  evaluated.  With  the  exception  of  the  airborne  metals 
(i.e.,  cadmium,  chromium,  lead,  manganese,  luckel),  PAHs  and  dioxins/furans,  typical 
personal  exposures  almost  always  exceed  exposures  associated  with  outdoor  air  quality.  The 
range  of  additive  risks  for  typical  personal  exposures  was  1.3  X  10^  to  2.2  X  10'^  as  compared  to 
the  range  of  5.0  X  10"^  and  9.4  X  10"^  for  outdoor  air  quality. 

Several  substances  in  the  Windsor  target  list  are  constituents  of  tobacco  smoke.  The 
daily  intake  of  a  smoker  of  benzene,  1,3-butadiene,  formaldehyde,  cadmiiun,  chromium, 
PAHs,  dioxins  and  furans  greatly  exceeds  the  intake  from  the  main  inhalation  exposure 
scenarios.  Thus  any  reduction  in  smoking  exposure  to  these  substances  could  substantially 
reduce  personal  risks. 

In  conclusion,  it  is  recommended  that  the  observations  and  conclusions  of  this  report 
be  utilized  in  a  weight-of-evidence  fashion,  together  with  the  results  from  the  Mathematical 
Modelling/Source  Apportionment  report,  to  provide  information  for  developing  the  most  cost- 
effective  remedial  measures  to  reduce  risks  in  the  Windsor  area. 


1.0      INTRODUCTION 

1.1   BACKGROUND 

The  Windsor  Air  Quality  Study  is  the  first  major  Ontario  urban  airshed  study  to  deal 
with  multiple  poUutant  and  multiple  source  air  toxic  issues.  These  studies  were  initiated  to 
decrease  the  exposure  of  Ontarians  to  airborne  toxic  chemicals,  by  obtaining  a  better 
understanding  of  the  sources  of  air  toxics  in  a  local  airshed  and  of  the  potential  health  effects 
associated  with  exposure  to  these  compounds.  The  ultimate  goal  of  this  work  is  to  provide  a 
soimd  foundation  for  decisions  on  the  need  for  and  the  most  effective  mear\s  of  reducing 
exposure  to  specific  air  toxics  in  this  airshed.  In  addition,  a  multi-stakeholder  abatement 
strategy  advisory  committee,  called  the  Windsor  Air  Quality  Committee,  has  been  established 
to  review  the  results  from  the  various  monitoring  programs  and  to  begin  developing 
recommendations  for  an  emissions  abatement  strategy  for  the  Windsor  area.  This  v^ll  ensure 
the  involvement  of  the  commurùty  in  the  decision-making  process  regarding  their  ov«\ 
airshed. 

The  Windsor  Air  Quality  Study  was  designed  to  answer  the  foUowdng  questions: 

(i)      What  are  the  airborne  toxics  which  might  cause  concern? 

(ii)     What  are  the  levels  of  airborne  toxics  in  the  airshed? 

(iii)    What  are  the  major  contributing  sources  for  the  chemicals  of  concern? 

(iv)    What  are  the  most  significant  exposure  pathways  for  the  chemicals  of 
concern? 

(v)     What  are  the  relative  health  risks  of  Windsor  residents  resulting  from 
exposure  to  the  airborne  toxics? 

Windsor  was  selected  for  study  because  of  its  history  of  air  quality  concerns  and 
because  of  the  availability  of  the  monitoring  data  for  the  area.  As  of  1987,  concern  over  the 
Greater  Detroit  Resource  Recovery  Authority's  municipal  waste  incinerator  has  resulted  in  an 
enhancement  of  morutoring  by  several  agencies  for  nvmnerous  volatUe  and  semi-volatile 
organic  compounds  and  heavy  metals. 

To  address  the  above  questions  several  additioiial  programs  were  initiated  in 
Windsor.  These  included  an  enhanced  air  toxics  monitoring  program,  consisting  of  fixed-site, 
mobile  and  personal  exposure  monitoring,  as  well  as  soU  and  vegetation  sampling.  The  air 
toxics  program  focused  on  substances  with  chroruc  (i.e.,  long  term)  health  effects:  volatile 
organic  compounds  (e.g.,  benzene,  1,3-butadiene,  carbon  tetrachloride);  semi-volatile 
compounds  (e.g.,  polycyclic  aromatic  hydrocarbons-PAHs,  dioxins/  furans);  and  trace  metals 
(e.g.,  chromium,  cadmium).  Results  from  these  monitoring  programs  were  used  to  address 
questions  (i)  and  (ii).  An  enhanced  emission  inventory  was  assembled  for  the 
Windsor/Detroit  airshed.  Results  from  this  were  used  in  conjunction  vidth  atmospheric 


dispersion  modelling  to  arrive  at  an  assessment  of  the  main  contributing  emission  sources  in 
the  airshed.  This  addresses  question  (iii). 

This  health  effects  assessment  report,  which  addresses  questions  (iv)  and  (v)  more 
specifically,  is  one  of  several  reports  making  up  the  Windsor  Air  Quality  Study.  The  health 
assessment  involves  the  characterization  and  understanding  of  the  risks  due  to  airborne 
toxics,  and  includes  placing  these  inhalation  risks  in  perspective. 

The  general  approaches  used  for  the  health  effects  assessment  of  air  pollutants  are 
briefly  described  in  Section  2  of  this  report.  This  section  introduces  the  concept  of  risk 
analysis  methodologies  and  contains  a  brief  generic  description  of  the  formal  components  of 
risk  assessment  on  which  these  methodologies  are  based. 

The  specific  health  effects  approach  used  in  the  Windsor  Air  Quality  Study  is 
described  in  Section  3.  It  utilizes  the  results  from  the  monitoring  programs  (i.e.,  air  [fixed  site, 
mobile,  personal];  and  soil  and  vegetation),  along  with  other  information,  to  assess  the  health 
implicatioi\s  of  air  toxics  in  the  Windsor  airshed.  This  includes  the  selection  of  the  target 
substances  and  the  toxic  endpoints.  The  final  section.  Section  3.3,  describes  in  detail  the  risk 
analysis  approaches  used. 

The  overall  summary  of  the  results  is  presented  in  Section  4.  Detailed  health 
assessments  of  individual  air  toxics  are  found  in  the  Appendices.   A  glossary  has  also  been 
included  at  the  end  of  the  report. 


^2  OTHER  REPORTS  OF  THE  WINDSOR  AIR  QUALITY  STUDY 

Independent  companion  reports  on  the  Windsor  Air  Quality  Study  include  the 
following: 

Windsor  Air  Quality  Study:  Executive  Summary  Report 

Windsor  Air  Quality  Study:  Emissions  Inventory  for  the  Windsor/Detroit  Airshed 

Windsor  Air  Qimlity  Study:  Mathematical  Modelling  and  Source  Apportionment 

Windsor  Air  Quality  Study:  Report  on  Air  Monitoring  Activities 

Windsor  Air  Quality  Study:  TAGA  6000  Survey  Results 

Windsor  Air  Quality  Study:  Personal  Exposure  Survey  Results 

Windsor  Air  Quality  Study:  Soil  arid  Garden  Produce  Survey  Results 

Windsor  Air  Quality  Study:  Health  Effects  Assessment. 


2.0      HEALTH  EFFECTS  ASSESSMENT  of  AIR  POLLUTANTS 
GENERAL  APPROACHES 


2.1  OVERVIEW  OF  THE  HEALTH  EFFECTS  ASSESSMENT  OF  AIR  TOXICS 

Various  approaches  and  lines  of  investigation  can  be  used  to  assess  the  health  effects 
of  air  pollutants   '.  These  include  the  following: 

•  prospective  and  retrospective  epidemiological  investigations; 

•  statistical  associations  of  'excess'  admissions  to  hospital  with  monitored 
levels  of  pollutants; 

•  statistical  assodatioiis  of  total  daUy  mortality  with  various  measures  of  air 
pollution; 

•  linking  administrative  data  bases  relating  to  cancer  incidence  with  levels  of 
environmental  contaminants; 

•  direct  comparison  of  environmental  guidelines,  screening  levels  or 
standards  to  measured  levels  of  pollutants; 

•  using  modelled  or  measured  levels  of  pollutants  and  risk  factors  (e.g.,  unit 
risks)  to  estimate  cancer  risks  from  pollutants  in  the  ambient  air  of  cities  as 
well  as  in  indoor  air;  and 

•  various  types  of  risk  aiwlysis^"  methodologies,  which  include  the  formal 
components  of  risk  assessment  defined  below. 

Some  of  these  approaches  have  been  applied  only  to  criteria,  or  traditional,  air 
pollutants  (e.g.,  sulphur  dioxide,  ozone,  suspended  particulate  matter,  PMiq,  sulphate 
aerosols,  acid  aerosols,  nitrogen  dioxide).  Some  of  the  methodologies  have  been  applied  to  a 
group  of  pollutants  which,  in  recent  years,  have  come  to  be  known  as  air  toxics.  In 
particular,  most  of  the  urban  airshed  studies  recently  undertaken  to  address  air  toxics  have 
utilized  various  types  of  risk  analysis  methodologies,  relying  on  the  formal  components  of 
risk  assessment  as  one  of  their  main  building  blocks.  The  reason  for  this  favoured  approach 
is  that  air  toxics  occur  at  relatively  low  levels  in  air,  and  these  low  levels  generally  do  not 
cause  immediate  effects  like  increased  airways  resistance,  breathing  difficulties  for  asthmatics 
or  increased  hospital  admissions,  like  the  criteria  pollutants.  Instead,  long  term  exposure  to 
air  toxics  can  potentially  lead  to  chronic  effects  such  as  cancer.  These  potential  effects  from 
long  term  exposure  to  low  levels  of  air  toxics  are  best  estimated  by  risk  analysis 
methodologies. 


2.2  OVERVIEW  OF  RISK  ANALYSIS  METHODOLOGIES 

One  of  the  concerns  about  urban  air  pollution  is  the  possible  human  health  risk 
associated  with  long  term  exposure  to  low  concentrations  of  various  substances  in  air  (i.e.,  air 
toxics).  Often,  direct  human  health  effects  from  such  low  level,  long  term  exposures  are  not 
known.  This  necessitates  the  estimation  of  health  risks.  The  process  of  developing  quantitative 
estimates  of  health  risk  involves  using  information  and  predictions  /assumptions  about 
toxicity  and  exposure;  in  other  words,  determining  the  adverse  effects  of  the  contaminant  at 
high  doses,  then  extrapolating  to  what  might  happen  at  low  doses,  as  well  as  investigating 
the  doses  that  people  might  get  from  breathing  air  containing  a  certain  concentration  of  the 
chemical. 

Often  little  quantitative  information  is  available  on  the  direct  human  health  effects  of 
certain  contaminants,  especially  at  long  term,  low  dose  exposure.  Scientists  use  data  or 
information  from  studies  done  most  frequently  on  laboratory  animals.  These  experiments  use 
much  higher  doses  than  are  found  in  the  enviroriment  to  ensure  that  a  sufficient  number  of 
animals  develop  adverse  effects.  Laboratory  experiments  are  done  using  different  doses  and 
counting  the  different  numbers  of  animals  that  develop  adverse  effects  at  each  dose.  Some 
form  of  cancer  is  usually  the  adverse  effect  that  is  measured,  but  the  same  approach  is  used 
for  other  adverse  effects  as  well. 

From  these  data,  scientists  carry  out  mathematical  calculations,  based  on  their 
assumptions  of  the  relationship  between  what  is  observed  at  high  doses  to  what  they  assume 
may  occur  at  low  doses.  These  calculations  allow  quantitative  estimates  of  the  probability  of 
the  effect  happening  at  low  doses.  Scientists  also  have  to  make  assumptions  to  calculate  what 
might  happen  in  hun^ans  based  on  what  they  observe  in  laboratory  animal  studies.  The 
results  of  this  analysis  are  usually  described  as  the  vmit  risk.  Unit  risk  is  the  mathematical 
probability  of  the  adverse  effect  happening,  at  exposure  to  a  specific  concentration  of  the 
chemical,  expressed  over  a  specific  population  size.  For  example,  a  unit  risk  of  1  in  100,000 
(i.e.,  1  X  lO"^)  means  that  if  100,0(X)  people  were  exposed  to  a  certain  concentration  of  the 
chemical  in  air  (or  other  medium)  over  their  entire  lifetime,  one  person  might  suffer  from  the 
adverse  effect.  It  should  be  noted  that  in  some  cases,  results  from  epidemiological  studies, 
usually  involving  occupationally  exposed  workers,  are  used  in  these  mathematical 
calculations  to  estimate  the  probability  of  effects  at  much  lower  environmental  levels. 

Probability  measures  give  a  sense  of  the  likelihood  that  something  will  happen. 
Probability  does  not  mean  that  something  will  happen.  For  example,  it  does  not  mean  that  if 
you  have  100,000  people  exposed  to  the  risk  described  above,  that  one  person  will  definitely 
suffer  the  effect.  Rather,  it  means  that  if  you  had  many  separate  populatioi\s  of  100,000 
people,  on  average  one  person  per  population  would  be  affected;  in  other  words,  none  from 
some  groups,  several  from  others. 


Quantitative  risk  assessments  are  subject  to  many  qualifiers  because  of  the  variety  of 
imcertainties  in  their  calculation.  Some  of  these  uncertainties  include: 

•  limits  of  our  current  understanding  of  how  adverse  effects  such  as  cancer 
are  caused  by  exposure  to  various  chemicals; 

•  the  inaccuracies  in  predicting  what  might  happen  in  a  large  heterogenous 
population  based  on  studies  on  a  small  number  of  homogeneous  laboratory 
animals; 

•  assumptions  that  data  from  armnal  studies  can  be  used  to  predict  potential 
effects  in  humans; 

•  vmcertainties  in  estimating  what  dose  an  individual  or  population  might 
receive  from  exposure  to  various  air  concentrations;  and 

•  assumptions  that  risks  measvired  from  high  doses  in  the  laboratory  can  be 
used  to  reasorubly  predict  effects  at  much  lower  doses. 


Scientists  try  to  reduce  the  uncertainties  by  using  information  from  a  variety  of 
studies,  agencies  and  sources  to  improve  their  understanding  of  the  issues  relating  to  a 
specific  chemical.  Often  the  scientific  community  does  not  agree  on  aU  of  the  assumptions. 
Furthermore,  some  agencies  (e.g.,  US  EPA;  International  Agency  for  Research  on  Cancer- 
lARC)  have  developed  weight  of  evidence  ratings  for  human  carcinogenicity.  Some 
substances  are  classed  as  human  carcinogens;  probable  carcinogens;  or  suspected/possible 
carcinogens.  These  can  be  used  to  influence  decisions  on  the  relative  importance  of 
substances,  when  risk  estimates  from  several  substances  are  similar. 


2.3  RISK  ANALYSIS  AND  THE  COMPONENTS  OF  RISK  ASSESSMENT 

As  noted  above,  most  of  the  risk  analysis  methodologies  undertaken  for  urban  airshed 
assessments  rely  on  the  formal  components  of  risk  assessment  as  one  of  their  main  building 
blocks.  Risk  ar^lysis,  as  used  here  and  elsewhere^",  includes  these  methods  of  risk  assessment 
as  well  as  methods  for  the  best  use  of  the  resulting  information.  This  includes  determining 
the  significance  of  the  risk  by  providing  perspectives  and  communicating  the  risk 
information.  The  four  generally  accepted  components  of  risk  assessment  are:  hazard 
identification,  dose-response  assessment,  exposure  assessment  and  risk  characterization.   A 
brief  discussion  of  these  components  is  given  below. 

Hazard  identification  involves  the  qualitative  indication  that  a  particular  pollutant 
can  have  one  or  several  adverse  effects  (e.g.,  cancer,  reproductive,  or  respiratory)  on  human 
health.  This  potential  of  causing  harm  is  an  inherent  property,  in  other  words  the  toxicity  of 
the  pollutant  per  se.  Such  hazards  may  be  identified  in  a  variety  of  ways,  most  notably 
through  case  reports;  toxicological  studies  on  animals  or  human  volunteers;  and 
epidemiological  investigations,  either  involving  general  populations  or  occupationally 
exposed  workers. 


Dose-response  assessment  involves  the  quantitative  estimation  of  the  probability  of 
occurrence  of  the  hazard  associated  with  a  particular  dose  or  exposure  (e.g.,  intake  per  day) 
to  a  pollutant.  5uch  estimates  frequently  rely  on  quantitative  analysis  of  epidemiological  and 
toxicological  data.  Typical  ranges  of  environmental  exposure  of  humans  are  considered  so 
that  response  estimates  are  made  in  the  appropriate  dose  range.  As  described  above, 
mathematical  models  are  often  used  in  dose-response  extrapolation,  especially  in  high  dose  to 
low  dose  and  in  animal  to  himian  situations.  Application  of  such  statistical  tools  to  the 
available  data  often  involves  a  considerable  amoimt  of  imcertainty.  This  is  due  to  the 
incomplete  nature  of  scientific  data  and  the  limited  imderstanding  of  relevant  biological, 
chemical  and  physiological  processes,  all  of  which  makes  the  selection  of  the  appropriate 
extrapolation  model  difficult.  Because  of  this  uncertainty,  the  general  practice  of  the  US  EPA 
in  recommending  a  single  dose-response  value,  is  to  choose  the  one  which  is  most  likely  to 
over-estimate  the  risk. 

Depending  on  the  nature  of  the  effect  associated  with  a  pollutant,  whether  it  is  a 
'threshold'  or  'non-threshold'  type  of  effect,  this  dose-response  assessment  step  derives  two 
different  types  of  results.  For  the  former,  this  step  generally  involves  the  identification  of  the 
lowest  dose  which  is  expected  to  lead  to  no  adverse  response  (e.g.,  a  Reference  dose  -  RfD  or 
a  Reference  concentration  -  RfC).  Sometimes  this  is  referred  to  as  a  'safe',  or  'acceptable 
exposure  level'.  For  non-threshold  effects,  this  step  involves  the  identification  of  the  dose  (or 
range  of  doses)  which  is  estimated  to  lead  to  an  adverse  response,  generally  deemed 
acceptable  (e.g..  Risk-specific  dose  -RsD  or  Risk-specific  concentration  -  RsC)  in  hvunans.  In 
contrast  to  'safe'  levels,  these  concentrations  are  always  associated  with  some  degree  of  risk, 
even  though  this  risk  may  be  extremely  small. 

Exposiu"e  assessment  involves  the  estimation  of  currently  experienced  or  anticipated 
exposures  of  humans  using  monitoring  or  modelling  techniques.  It  attempts  to  identify  the 
concentration  and  the  chemical  and  physical  characteristics  of  contaminants  in  various  media 
(e.g.,  air,  water,  soil,  food,  consumer  products,  indoor  air,  or  various  microenvironments  Uke 
commuting)  and  the  various  pathways  of  exposure  (e.g.,  inhalation,  ingestion,  dermal)  of 
humans.  The  measurement  of  'external'  exposure  (i.e.,  use  of  environmental  monitoring  data) 
is  a  surrogate  measure  of  the  internal  (or  critical)  dose. 

Two  major  developments  over  the  past  ten  years  have  affected  the  way  in  which  the 
health  effects  of  air  pollutants  are  assessed.  One  is  the  increasing  importance  of  considering 
that  humans  can  also  be  exposed  to  pollutants  from  food,  drinking  water,  soil  and  other 
activities  Uke  smoking  or  showering.  These  other  exposures,  after  bioavailability  has  been 
taken  into  account,  can  be  more  or  less  significant  than  exposure  from  air.  In  order  to 
appreciate  the  significance  of  air  exposure,  it  is  important  to  develop  a  picture  of  exposure 
from  other  routes  as  well.  The  second  major  development  over  the  last  decade  is  the 
realization  that  indoor  air  and  personal  air  exposures  (i.e.,  total  exposure  from  the  daily 
activities  indoors  and  outdoors)  are  significantly  higher  than  outdoor  air  exposures"'^^  alone. 
Such  findings  also  need  to  be  considered  when  attempting  to  assess  the  significance  of 
outdoor  air  pollutants.  Thus,  in  any  risk  analysis  methodology  undertaken,  it  is  important  to 
include  in  the  risk  characterization  some  perspectives  that  illustrate  the  relative  importance  of 
other  routes  of  exposure  and  of  indoor  air  environments. 


Risk  characterization  involves  the  estimation  of  the  incidence  of  the  adverse  effect  in 
a  given  human  population.  Often  it  involves  the  quantification  of  risk,  or  the  probability  of 
occurrence  of  a  defined  adverse  effect.  It  merges  the  results  of  the  dose-response  assessment 
and  the  exposure  assessment  to  characterize  both  threshold  and  non-threshold  risks  in 
humans.  Essentially  it  provides  useful  statements  about  risk.  It  also  identifies  the  general 
assimiptions  and  imcertainties  that  have  been  used. 

Features  of  the  general  approaches  used  for  the  health  effects  assessment  of  air 
pollutants  have  been  adopted  into  a  risk  analysis  methodology  for  this  Windsor  study,  the 
specifics  of  which  are  detailed  in  Section  3  below. 


3.0      HEALTH  EFFECTS  ASSESSMENT  FOR  THE  WINDSOR  AIR  QUALITY 
STUDY 


3.1  SELECTION  OF  CHEMICALS  ON  THE  TARGET  LISTS 

There  are  a  variety  of  health  and  environmental  concerns  with  air  pollutants.  Some  of 
the  concerns  arise  from  acute,  sub-chronic  and  chronic  effects  in  humans,  including  cancer. 
Some  substances  also  lead  to  serious  phytotoxic  effects  on  plants  and  crops.  Ground  level 
ozone  production  has  significant  health  and  phytotoxicological  impacts.  Stratospheric  ozone 
depletion  and  climate  change  (global  warming)  are  other  areas  of  serious  concern.  The  long- 
range  transport  of  air  pollutants  and  their  deposition  to  the  waters  of  the  Great  Lakes  basin 
and  onto  soil,  with  subsequent  transfers  into  other  media  and  potential  uptake  into  the  food 
chain  are  also  of  great  importance. 

Regulatory  agencies  have  only  recently  began  to  assess  chronic  health  effects  of  air 
toxics,  including  the  cumulative  chronic  risk  of  these  mixtures.  Several  assessments  have  been 
undertaken  in  US  urban  airsheds  and  have  resulted  in  the  identification  of  potential  health 
concerns.  For  these  reasons,  the  primary  focus  of  this  study  is  air  toxics  rather  than  criteria 
pollutants. 

The  health  effects  primarily  associated  with  criteria  or  traditional  air  pollutants  (i.e., 
ozone,  sulphur  dioxide,  particulate  matter)  are  not  addressed  in  this  study.   Such  effects 
include:  acute  respiratory  distress,  pulmonary  function  decrement,  and  pulmonary  irritation; 
and  effects  on  sensitive  groups  (e.g.,  asthmatics).  Furthermore,  criteria  pollutants  are  the 
focus  of  other  Ministry  programs  such  as  the  Air  (Quality  Index  (AQD  and  the  Air  Pollution 
Index  (API),  and  are  the  subject  of  the  Ministry's  Annual  Air  Quality  in  Ontario  reports. 

At  sufficiently  high  levels  of  exposure,  the  majority  of  the  chemicals  included  in  this 
study  can  potentially  induce  non-cancer,  systenuc  health  effects  (e.g.,  reproductive  and 
developmental,  liver  and  kidney  effects)  and  risk  of  cancer  (e.g.,  Ivmg  and  kidney  cancers, 
leukemia).  These  toxic  endpoLnts  are  addressed  by  this  study. 


3.1.1  Overall  Target  List: 


In  selecting  the  overall  target  list  for  the  Windsor  Air  Quality  Study  varioiis  criteria 
were  used.  The  substances  addressed  by  the  US  EPA  study.  The  Transboundary  Air  Toxics 
Study'  were  considered,  because  these  were  known  to  be  atmospherically  deposited  in  the 
Trar\sboundary  (Detroit  -  Windsor)  region.  In  addition,  they  were  known  to  pose  a 
carcinogenic  risk  or  other  substantial  himian  health  risk  or  both. 


An  International  Joint  Commission  GJC)  report^,  conducted  in  the  Detroit  -Windsor  - 
Port  Huron  -  Samia  area,  was  also  given  consideration.  This  report  listed  substances  emitted 
in  the  area  as  identified  through  previous  emission  inventories.  It  also  identified  important 
human  and  probable  human  carcinogens,  known  to  be  emitted  in  the  area  but  for  which  local 
monitoring  information  was  naissing.  The  report  further  suggested  substances  as  potential 
targets  for  pollution  prevention  initiatives  in  the  region. 

A  recent  US  EPA  report^  based  on  several  previous  and  ongoing  urban  air  toxic 
studies,  has  identified  substances  which  account  for  the  vast  majority  of  estimated  aggregate 
cancer  incidence  in  these  studies.  These  substances  were  also  given  consideration. 

Mobile  surveys  were  used  to  look  for  additional  toxics  which  might  be  present  in  the 
air.  Finally,  morutoring  and  analytical  capability,  by  both  stationary  and  mobUe  monitors 
(i.e.,  mobile  air  sampling  mass  spectrometers  -  'TAGA"),  were  also  taken  into  consideration. 

The  substances  thus  identified  above  were  integrated  into  a  final  target  list.  Some  of 
the  substances  on  the  final  target  list  are  shown  in  Table  3.1.2  The  final  list  was  derived  by 
accovmting  for  overlaps  in  the  various  consideratioiis  above,  and  for  constraints  imposed  by 
morutoring  limitations. 


3.1.2  Focus  List: 


A  preliminary  risk  estimation  was  used  to  rank  the  substances,  using  outdoor  air 
morutoring  data  available  from  previous  years  from  fixed  site  stations,  and  unit  risk  factors 
developed  by  the  California  Department  of  Health  Services  (CDHS).  (A  unit  risk  factor  is  the 
cancer  risk  associated  v/ith  unit  concentrations  in  air.)  These  data  were  used  to  calculate 
risks  associated  with  the  measured  concentrations  and  thus  to  rank  the  substances,  based  on 
these  carcinogenic  risk  levels.  Those  substances  associated  with  the  highest  risks  were 
selected  for  further  study.  Some  substances  which  are  persistent  and  toxic  (e.g., 
dioxins/furans,  mercury)  and  which  may  deposit  onto  water  and  soil  and  be  taken  up  into 
the  food  chain,  were  also  added  to  this  focus  list. 

The  focus  list  thus  consists  of  the  substances  in  Table  3.1.2.  Furthermore,  substances 
targeted  for  in-depth  modelling  and  health  effects  investigation  consist  of  the  following  10 
substances:  chromium  (VI),  benzene,  1,3-butadiene,  PAHs,  1,4-dichlorobenzene,  carbon 
tetrachloride,  formaldehyde,  cadmium,  dioxins  and  furans,  and  mercury.  This  report  vdU 
address  in  detail  these  10  substances.  However,  other  substances  on  the  focus  list  (Table 
3.1.2)  are  also  briefly  addressed  by  this  and  other  reports  of  the  Windsor  Air  Quality  Study. 


Table  3.1.2  Focus  List  For  the  Windsor  Healtti  Effects  Assessment  Study 


CHEMICAL  GROUP 

SUBSTANCE 

METALS 

Arsenic 

Beryllium 

Cadmium* 

Chromium* 

Lead 

Manganese 

Mercury* 

Nickel 

VOLATILE  ORGANICS 

Acetaldehyde 

Benzene* 

l^-Butadiene* 

Carbon  tetrachloride* 

Chloroform 

1 ,4-Dichlorobenzene* 

Ethylene  dibromide 

Ethylene  dichloride 

Formaldehyde* 

Methylene  chloride 

Perchloroethylene 

Trichloroethylene 

Vinyl  chloride 

SEMI-VOLATILE 
ORGANICS 

Dioxins  and  Furans* 

FCBs 

Benzo(a)pyrene  and  PAHs* 

Substances  targeted  for  in-depth  modelling  and  health  effects  investigation. 


10 


3.2  DETAILED  RISK  CHARACTERIZATION  ■  FOCUS  LIST  CHEMICALS 

In  this  section,  the  general  risk  analysis  approach  used  for  the  focus  list  of  chemicals 
(ie.  those  targeted  for  in-depth  modelling  and  health  effects  investigation)  will  be  discussed. 
The  detailed  risk  characterizations  of  these  ten  substances  of  most  concern  are  found  in 
Appendices  1-10.  Each  Appendix  consists  of  the  following  main  sections: 

♦  Description  and  Sources  of  the  Chemical 

♦  Hazard  Identification 

♦  Dose-Response  Information/ Current  Exposure  Guidelines 

♦  Human  Exposure  Assessment 

♦  Risk  Characterization  and  Perspectives 


The  formal  components  of  risk  assessment  (i.e.,  hazard  identification,  dose-response 
assessment,  exposure  assessment  and  risk  characterization)  have  been  expanded  into  a 
broader  risk  analysis  approach.  A  general  description  of  each  of  these  sections  is  outlined 
below. 


3.2.1   Description  and  Sources  of  the  Chemical: 

This  is  a  very  brief  introductory  summary  of  readily  available  information  on  the 
general  nature  of  the  chemical,  its  general  sovirces  and  uses,  how  it  enters  the  environment 
and  how  much  of  it  may  be  emitted.  This  latter  information  is  general,  not  Windsor  specific. 
Specific  information  regarding  emissions  in  the  Windsor-Detroit  area  is  provided  in  the 
Windsor  Air  Quality  Study:  Mathematical  Modelling  and  Source  Apportionment  report. 


3.2.2  Hazard  Identification: 

This  section  summarizes  in  a  qualitative  fashion  the  potential  adverse  health  effects 
(e.g.,  cancer,  reproductive,  neurotoxic)  associated  with  the  chemical.  This  type  of  health  effect 
information  allows  an  estimation  of  the  risk  from  the  chemical.  This  iiiformation  can  come 
from  toxicological  studies  on  animals,  epidemiological  studies  on  people  or,  where  data  are 
lacking,  from  comparison  to  similar  substances.  This  section  also  discusses  how  the  chemical 
is  taken  up  in  a  person's  body  and  how  it  is  distributed  and  changed  there  (i.e.,  absorption, 
distribution  and  metabolism).  The  information  presented  is  not  a  comprehensive  review  of  aU 
the  available  information,  but  rather  a  brief  synopsis  of  the  more  current  and  relevant 
summary  information. 
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3.2.3  Dose-Response  Information  /  Current  Exposure  Guidelines: 

This  section  discusses  varioios  health  criteria  values,  that  is,  exposure  guidelines  and 
dose-response  information,  that  leading  regulatory  agencies  have  proposed  and  consider 
appropriate  for  environmental  permitting,  assessing  air  quality  and  characterizing  risks 
associated  with  various  inhalation  exposuLres.  Similarly,  health  criteria  values  for  assessing 
ingestion-related  exposures  are  also  discussed.  Since  the  primary  focus  of  the  study  is  the 
assessment  of  possible  health  risks  from  long  term  exposures,  the  health  criteria  assembled 
are  primarily  those  which  are  most  applicable  to  such  assessments. 

When  assembling  the  dose-response  and  exposure  guideline  information  shown  in 
Figure  3.Z3.1,  information  from  Ontario  and  from  leading  agencies  were  utilized.  The  latter 
included  the  US  EPA,  CDHS,  WHO  and  some  of  the  northeastern  US  states.  Most  of  these 
agencies  have  consistent  approaches  for  developing  dose-response/exposure  guideline 
information.  They  also  have  the  most  comprehensive  collection  of  available  guidelines.  This 
range  approach  ensured  the  use  of  the  best  and  most  recent  guideline  information  for  the 
study  and  augmented  any  gaps  where  Ontario  guidelines  were  lacking.  Selection  of  a  single 
most  appropriate  dose-response  value/guideline  is  a  very  resource  intensive  process  and  for 
this  reason,  a  range  of  guidelines  from  the  leading  agencies  were  used.  With  some  of  the 
purely  health-based  dose-response  values  (e.g.,  inhalation  cancer  potency  factors  and 
reference  concentrations)  such  an  available  range  also  reflects  the  scientific  uncertainty 
associated  with  these  values. 

Figure  3.2.3-1 
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Occupational  guidelines,  governing  workplace  air,  are  gathered  to  provide 
perspectives  in  the  risk  characterization  section.  However,  these  guidelines  are  not  an 
appropriate  yardstick  to  evaluate  acceptability  or  risk  from  environmental  exposures,  because 
of  differences  in  duration  and  patterns  of  exposure  in  an  occupational  setting,  and  the  focus 
on  healthy  adults  only.  For  example,  occupational  guidelines  are  based  on  an  exposure 
period  of  8  hours  per  day,  5  days  per  week,  and  a  period  of  employment  of  40  years,  as  a 
healthy  adult. 

In  general,  for  non-cardnogenic  effects,  dose-response  information  is  utilized  by 
regulatory  agencies  to  develop  acceptable  exposure  levels  (e.g.,  'Acceptable  Exposure 
Level'(AEL);  'Acceptable  Daily  Intake'  (ADD;  or  'Tolerable  Daily  Intake'CTDI))  and  Reference 
Concentrations  (RfC)  or  Reference  Dpses  (RfD)  below  which  adverse  effects  are  not  expected 
to  occur.  Protection  factors,  called  safety  or  vmcertainty  factors  and  generally  ranging  from  10 
to  1000,  are  applied  to  the  no-effect-level  or  no-adverse-effect-level  of  the  dose-response 
information  to  generate  the  AEL,  ADI,  TDI,  RfC  or  RfD.  These  criteria  for  non-carcinogenic 
effects  essentially  represent  an  estimate  of  a  daily  exposure  to  the  human  population 
(including  sensitive  subgroups)  that  is  likely  to  be  without  an  appreciable  risk  of  deleterious 
effects  during  a  lifetime  of  continuous  exposure. 

In  quantitative  risk  assessment  for  cancer,  carcinogenicity  is  often  expressed  in  terms 
of  a  potency  slope  or  cancer  slope  factor  or  unit  risk.  These  are  used  for  generating  cancer 
risk  estimates;  in  other  words,  to  calculate  the  probability  (risk)  of  cancer  associated  with  a 
given  exposure  level.  Because  regulatory  efforts  are  generally  geared  to  protect  the  public 
health,  including  even  the  most  sensitive  members  of  the  population,  the  cancer  slope  factors 
are  generally  derived  using  very  conservative  assumptions. 

To  summarize,  in  this  section,  potency  factors,  unit  risks,  reference  concentrations 
/doses,  guidelines  and  standards  are  gathered  from  leading  agencies  and  a  brief  description 
of  their  background,  where  available,  is  provided.  The  -end  of  this  section  includes  a  tabular 
summary  of  the  health  criteria  in  which  the  daily  intake,  expressed  as  pg/day,  that  is 
'allowed'  by  the  various  criteria  is  also  calculated  for  subsequent  use  in  the  Risk 
Characterization  Section.  In  all  cases,  100%  bioavailability  of  the  'allowable'  intakes  is 
assumed,  in  order  to  allow  comparison  to  exposure  intakes  which  also  generally  assume 
100%  bioavailability.  Percentage  bioavailability  is  an  estimate  of  the  extent  to  which  a 
substance  becomes  available  to  be  absorbed  into  an  organism  and  to  exert  its  effect.  In  many 
cases,  this  percentage  is  less  than  100%  and  therefore  the  assumption  of  100  % 
hio availability  is  conservative. 
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3.2.4  Human  Exposure  Assessment: 

One  of  the  major  incentives  for  undertaking  this  study  was  to  answer  the  question: 
"Are  there  significant  air  quality  problems  in  the  Windsor  airshed?"  Protection  of  human 
health  is  a  critical  objective,  and  therefore  the  assessment  and  protection  of  both  ambient  air 
quality  and  varioiis  microenvirormients  (e.g.,  indoor  home,  indoor  work  locations, 
commuting,  indoor  mails,  bingo  halls,  bars,  etc.)  where  people  spend  considerable  amounts 
of  their  time,  are  important. 

In  order  to  be  able  to  characterize  risks  associated  with  ambient  air  quality  and  the 
various  combinations  of  microenvironments  that  people  generally  use,  their  exposure  via 
inhalation  needs  to  be  assessed  for  all  of  these  environments.  Thus,  inhalation  exposure 
assessment  includes  ambient  air  quality  (i.e.,  outdoor  air  quality)  and  exposures  associated 
with  typical  personal  activity  patterns.  Typical  personal  activity  patterns  were  assembled 
from  data  obtained  during  the  volunteer  personal  exposure  and  microenvironment 
morutoring  in  Windsor.  To  aid  the  subsequent  risk  characterization,  aU  exposures  are 
estimated  as  intake  per  day  in  units  of  pg/day. 

Exposures  were  evaluated  and  the  associated  inhalation  risks  were  assessed  for  three 
main  ii\halation  situations  (see  Figure  3.2.4.1):  outdoor  air  quality,  typical  outdoor  exposure, 
and  typical  personal  exposure. 

Outdoor  Air  Quality  - 

The  protection  of  air  quality,  as  a  resource,  is  a  mandate  of  the  MOEE.  People 
do  not  generally  spend  24  hours  a  day  outdoors,  but  rather  portions  of  their 
day  in  fa-ansit,  in  their  homes,  in  their  places  of  business,  or  in  schools.   Thus,  a 
measure  of  risk  derived  from  outdoor  air  quality  is  not  a  measure  of  actual 
risk.  However,  in  comparing  the  risks  associated  with  outdoor  air  quality  in 
Windsor  to  regulatory  guidelines  and  to  risks  associated  with  outdoor  air 
quality  in  other  cities,  the  comparison  is  made  on  100%  outdoor  exposure. 

There  is  an  influence  of  outdoor  air  quality  on  the  air  quality  inside  structures, 
but  at  present,  it  is  impossible  to  calculate  this  relationship.  The  latter  is 
irifluenced  by  a  large  number  of  variables,  such  as:  the  specific  contaminant 
and  its  reactivity;  the  air  temperature  indoors  versus  outdoors;  or  whether  the 
contamiiunt  is  attached  to  windblown  particles  or  in  a  vapour  phase. 
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Typical  Outdoor  Exposure  - 

To  provide  a  perspective  on  the  risks  associated  with  the  inhalation  of 
contaminants  in  outdoor  air  versiis  the  inhalation  risks  associated  with  typical 
personal  exposures  where  time  is  spent  in  both  indoor  and  outdoor  air 
environments,  the  intake  of  contaminants  from  outdoor  air  over  a  three  hour 
period  has  been  provided.  Several  studies",  including  the  volunteer  personal 
exposure  survey  in  Windsor  (Windsor  Air  Quality  Study:  Personal  Exposure 
Survey  Results),  have  demonstrated  that  the  general  population  spends 
relatively  little  time  outdoors.  A  time  of  three  hours  has  been  selected  as 
representative  of  the  general  situation. 

Typical  Personal  Exposure  - 

To  provide  a  more  realistic  estimate  of  the  range  of  risks  associated  with  the 
inhalation  of  contaminants  an  individual  might  receive  over  twenty-four  hours, 
ten  different  exposure  scenarios  were  considered  and  the  respective  risks 
estimated.  These  included  exposures  for  adults  and  children;  smoking  and 
non-smoking  environments;  and  high  outdoor  and  high  indoor  receptors. 
Indoors  there  are  many  sources  of  air  contaminants,  especially  volatile  organics 
which  are  released  from  building  products,  from  personal  and  household  care 
products,  or  from  cooking.   A  three  hour  outdoor  and  21  hour  indoor  exposure 
was  generally  assumed.  Some  of  these  personal  exposure  activity  patterns  are 
shown  in  Figure  3.2.4.2. 

It  should  be  noted  that  because  of  the  significant  contribution  of  smoking  to 
mortality^^  direct  exposures  from  smoking  activity  were  also  included  for 
perspective  purposes. 

Monitoring  data  from  the  Windsor  Air  Quality  Study:  Personal  Exposure  Survey 
Results  (i.e.,  both  personal  exposure  and  microenvironment  data)  were  used  for 
estimating  the  range  of  typical  personal  exposures  and  resultant  risks 
associated  with  these  scenarios.  For  substances,  where  Windsor  specific  data 
were  not  available,  surrogate  data  from  other  studies  in  indoor  envirorunents 
were  used.  The  rationale  was  that  indoor  air  measurements  tend  to  be  more 
uniform  from  dty  to  dty,  especially  for  volatile  contaminants,  which  appear  to 
be  influenced  primarily  by  indoor  sources. 
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Figure  3.2.4.1 
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When  performing  the  exposure  estunates  shown  in  Figure  3.2.4.1,  ranges  of  estimates 
were  developed  from  the  available  monitoring  data.  In  general,  the  range  between  the  mean 
and  90th  percentile  concentrations  were  used.  In  some  cases,  depending  on  data  availability, 
the  range  between  the  mean  and  maximum  values  had  to  be  utilized.  It  was  assumed  that 
for  risk  estimation  purposes  the  long  term  arithmetic  mean  and  90th  percentile  levels  would 
best  represent  or  bracket  the  range  of  possible  exposures.  In  most  cases,  use  of  the  90th 
percentile  values  would  represent  very  conservative  estimates,  but  for  some  substances,  like 
cadmium,  they  are  simply  reasonable.  For  example,  as  indicated  in  the  Windsor  Air  Quality 
Study:  Mathematical  Modelling  and  Source  Apportionment  report,  near  some  point  sources  the 
modelled  concentrations  exceed  the  90th  percentile  monitored  values  used  for  estimating 
ranges  of  exposure. 

In  addition,  for  perspective  purposes,  as  shown  in  Figure  3.2.4.1,  the  study  set  out  to 
examine  exposures  from  ingestion  and  via  the  skin  for  ten  substances  (Appendices  1-10).  The 
ingestion  exposures  estimated  include  food,  drinking  water  and  soU,  while  the  dermal 
exposures  include  shower  and  bathing  water,  soU,  and  vapours  in  air.  In  cases  where 
Windsor-specific  monitoring  data  were  not  available,  surrogate  values  from  other  studies 
were  used  to  bridge  the  data  gaps.   As  with  ii\halation,  exposures  are  estimated  as  intake  per 
day  in  units  of  ]ig/day.   Identification  of  the  primary  and  secondary  routes  of  exposure, 
along  with  auxiliary  information  regarding  the  carcinogenicity  of  a  specific  substance  via  the 
various  routes  of  exposure,  and  the  overall  weight  of  evidence  regarding  the  carcinogenicity 
of  the  substance  to  humans,  should  aid  the  decision-making  process  regarding  the 
importance  of  reducing  risks  for  that  substance. 
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Figure  3.2.4.2 
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3.2.5  Risk  Characterization  and  Perspectives: 

In  this  section,  the  two  previously  developed  components  of  the  risk  analysis  are 
brought  together:  the  evaluated  exposures  (expressed  as  daily  intakes  in  units  of  ]jg/day)  and 
the  assembled  health  criteria  from  different  sources,  from  which  'allowable'  daUy  intakes 
(also  expressed  in  }ig/day)  have  been  calculated.  This  allows  various  comparisons,  contrasts, 
characterizations  and  observations  on  perspectives  to  be  made. 

This  section  provides  the  above  risk  characterizations  and  comparisons  in  narrative, 
tabular  and  graphic  forms.  Taken  together,  they  should  provide  the  health  implications  and 
the  relative  importance  associated  with  inhalation  exposiire  to  each  chemical. 

For  perspective  purposes,  qualitative  and  semi-quantitative  comparisons  were  made 
also  to  existing  environmental  and  occupational  health  guidelines,  including  those  available 
in  Ontario.  Ontario  guidelines/standards  exist  for  20  of  the  24  substances  examined. 
Exposures  were  also  compared  to  air  quality  guidelines  of  leading  agencies.  This  approach 
ensures  the  use  of  the  best  and  most  recent  guideline  information  for  the  study  and 
augments  any  gaps  where  Ontario  guidelines  are  lacking. 

Comparison  of  exposure  guidelines  to  estimated  exposures  should  be  done  with  care. 
Some  comparisons  are  only  relevant  for  comparable  situations.  It  should  be  noted  that 
different  types  of  'health'  criteria  are  used:  some  are  purely  health-based,  others  are 
regulatory  and  therefore  may  have  been  influenced  by  risk  management  considerations.  The 
regulatory  'health'  criteria  may  also  have  different  uses;  for  example,  judging  the 
acceptability  of  air  quality  per  se  or  judging  the  acceptability  of  incremental  addition  from  a 
source  to  existing  air  quality. 

Some  of  the  comparisons,  contrasts,  characterizations  and  observatior\s  on  perspectives 
that  can  be  made  are  as  follows: 

♦    The  identification  of  the  most  important  exposure  route(s)  and  the  relative 
importance  of  the  various  exposure  route(s);  for  example,^ 

-  Inhalation  vs.  other  routes  of  exposiu-e  (i.e.,  ingestion,  dermal) 
Outdoor  air  in  Windsor  vs.  personal  activity  patterns  of  exposure 

-  Outdoor  air  in  Windsor  vs.  a  smoker's  exposure 

-  Exposure  route  which  is  associated  with  a  cancer  end-point  vs.  other 
routes  with  a  non-cancer  end-point,  such  as  chromium  VI; 


^Bioavailability  issue:  It  should  be  noted  here  that  the  complex  issue  of  different  bioavailabilities  via  the 
different  exposure  nautes  is  partially  addressed  in  this  section  through  the  relative  importance  of  different 
exposure  routes.  In  the  exposure  assessment  section,  100%  bioavailability  is  assumed  in  almost  all  cases, 
since  such  intakes  are  comparable  to  the  various  health  criteria.  However,  in  this  section,  when  assessing 
the  relative  importance  of  exposure  routes  bioavailability  factors,  where  known,  were  applied. 
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♦  Comparison  of  the  range  of  estimated  inhalation  exposures  to  the  range  of 
non-carcinogenic  health  criteria  ('Reference  concentrations',  'Acceptable 
exposure  levels'); 

♦  Comparison  of  the  range  of  evaluated  ingestion  exposures  to  non-cardnogeiuc 
health  criteria;  in  some  cases,  it  is  also  possible  to  compare  ingestion  to 
carcinogenic  health  criteria; 

♦  Comparison  of  the  evaluated  iiUialation  exposiires  to  air  quality  guidelines,  to 
ranges  of  occupational  guidelines  v^hich  were  established  by  various 
jurisdictions  for  regulatory  purposes; 

♦  Comparison  of  the  evaluated  inhalation  exposures  to  calculated  exposure 
concentrations  associated  with  a  certain  level  of  risk; 

♦  Characterization  of  the  range  of  risks  (e.g.,  maximum  individual  risks) 
associated  with  different  inhalation  exposures; 

♦  Characterization  of  the  range  of  risks  (e.g.,  range  of  the  number  of  possible 
cancer  cases  in  Windsor)  associated  with  exposure  to  a  certain  chemical;  and 

♦  Contrast  of  the  risks  associated  with  inhalation  of  Windsor  air  to  risks 
associated  with  air  in  other  urban  areas. 


In  many  of  the  above  comparisons  and  characterizations,  ranges  rather  than  point 
values  are  used.  This  is  more  appropriate  than  point  comparisons  because  of  the 
assumptions,  uncertainties  and  ranges  of  values  available  from  both  the  exposure  evaluations 
and  the  various  exposure  guidelines.   For  evaluating  non-threshold  effects  (i.e.,  cancer)  of 
chemicals,  risk  ranges  were  estimated  for  exposures  associated  with  each  of  the  three 
inhalation  situations.  The  low  end  of  the  range  of  risks  corresponds  to  the  mean  measured 
concentration  and  the  least  conservative  potency  factor;  the  high  end  of  the  range 
corresponds  to  the  90th  percentile  of  the  measured  concentrations  and  the  most  conservative 
potency  factor.  The  high  end  of  the  range  of  risks  thus  represents  the  most  conservative 
estimate. 


For  evaluating  threshold  effects  (e.g.,  kidney,  blood  system  effects)  of  chemicals, 
exposures  in  the  above  three  situations  are  compared  to  health-based  chronic  acceptable 
exposure  levels.  The  comparison  is  expressed  qualitatively  (i.e.,  exceedance  or  non- 
exceedance  of  the  chronic  acceptable  exposure  level)  in  the  individual  substance  summaries 
(Section  4)  and  in  Appendices  1  -  24  to  this  report.   The  comparison  is  expressed 
quantitatively  in  the  form  of  a  hazard  index  (HI),  which  is  a  measure  of  the  acceptable 
amoimt  of  the  substance  in  air: 


Hazard  Index  =  Actual  Exposure  Level/Chronic  Acceptable  Exposure  Level 
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It  should  be  emphasized  that  this  risk  characterization  does  not  attempt  to  estimate 
risks  geographically  or  spatially  across  Windsor.  Although  monitoring  was  done  at  various 
fixed  site  stations  for  different  chemicals,  it  was  assumed  that  for  risk  estimation  purposes, 
the  long  term  arithmetic  mean  and  90th  percentile  levels  from  all  stations,  based  on  data 
acquired  over  several  years,  would  best  represent  the  range  of  general  air  quality  in  Windsor. 
This  assumption  was  deemed  to  be  reasonable  since  in  terms  of  actual  exposure  for  the 
general  population,  outdoor  air  makes  up  less  than  12%;  in  other  words,  less  than  3  hours 
per  day.  It  is  however  possible  to  estimate  the  risks  associated  with  the  measurements 
recorded  at  the  different  fixed  site  morutoring  stations. 


3.3  BRIEF  RISK  CHARACTERIZATION  -  TARGET  LIST  CHEMICALS 

Several  of  the  substances  on  the  focus  list  are  addressed  in  Appendices  11  to  24,  but 
in  less  detail  than  the  ten  substances  identified  in  Table  3.1.2  for  in-depth  investigation.  These 
brief  risk  characterizations  consist  of  the  following: 


♦    Chemical  Name,  Sovirces,  Levels  in  Outdoor  and  Indoor  Air 

This  section  includes  a  brief  description  of  what  the  chemical  is,  its 
general  sources,  and  its  environmental  air  and  indoor  air  levels  (where 
available)  found  in  Windsor. 


♦    Health  Concerns 

This  section  presents  a  brief  description  of  health  effects  associated  with 
the  substance;  and  lists  the  health  criteria:  unit  risks,  reference 
concentrations,  and  guidelines  from  leading  agencies. 


♦    Risk  Characterization 

This  section  lists  the  threshold  effects  and  their  comparison  to  health 
criteria.   For  non-threshold  effects,  an  evaluation  of  inaximum 
individual  risk  is  included. 


3.4  RISK  CHARACTERIZATION  OF  THE  MIXTURE  OF  AIR  TOXICS 

In  any  urban  area,  the  combined  health  impact  of  air  toxics  is  generally  of  great 
concern  to  people.  While  approaches  for  evaluating  the  potential  carcinogenic  risk  of  pure 
compounds  are  relatively  well  established,  methods  for  assessing  the  risks  of  complex 
mixtures  are  somewhat  less  developed.  Recent  workshops  and  risk  assessment  guidelines 
developed  by  the  US  EPA  have  addressed  this  issue'^'^  The  guideUnes  for  evaluating  the 
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carc±iogenic  risk  associated  with  chemical  mixtures  established  by  the  US  EPA  specify  that  in 
the  absence  of  evidence  to  the  contrary,  the  risks  may  be  estimated  by  summing  the  risks 
associated  with  the  carcinogenic  components.  This  position  is  supported  at  low  doses  by 
theoretical  considerations  and  empirically  from  epidemiological  data".  Many  regulatory 
authorities  have  adopted  additivity  of  risks  at  low  doses  as  a  working  assumption  for  risk 
assessment  purposes.  This  working  assumption  is  also  employed  by  this  report  when 
estimating  the  carcinogenic  risks  associated  with  the  combined  impact  of  air  toxics. 
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4.0      SUMMARY  OF  RESULTS 

The  results  of  the  study  are  sununarized  in  this  section  of  the  report.  Section  4.1  deals 
with  the  impacts  of  individual  substances.  It  covers  inhalation  health  risks  associated  with 
exposure  to  specific  air  toxics  as  well  as  comparison  of  inhalation  exposures.   Section  4.2 
deals  with  other  routes  of  exposure,  their  contribution  to  health  risks  and  comparison  of 
these  to  inhalation  risks.  Section  4.3  deals  with  the  combined  impacts  of  pollutants.   Section 
4.4  contains  a  summary  of  the  findings  and  the  recommendations. 


4.1      HEALTH  RISKS  OF  INDIVIDUAL  AIR  TOXICS 

4.1.1  Range  of  Inhalation  Cancer  Risk  Summaries  for  Non-Threshold  Effects: 

Risks  were  estimated  for  the  three  main  situatioi\s  of  interest:  outdoor  air  quality  (100% 
outdoor  exposure),  typical  outdoor  exposures  (i.e.  =  3  hr)  and  typical  personal  exposures.  The  risk 
estimates  are  based  on  continuous  exposure  over  a  lifetime  (70  years).  These  estimates  are 
svimmarized  in  Table  4.1.1.1. 

The  range  of  estimates  in  Table  4.1.1.1  arise  from  the  range  of  exposures  based  on  the 
mean  to  the  90th  percentile  concentrations  and  the  range  of  potency  factors  proposed  by  the 
US  EPA,  the  California  Department  of  Health  Services(CDHS)  and  the  World  Health 
Organization  (WHO).  Thus,  the  upper  end  of  the  ranges  are  based  on  the  90th  percentile 
concentrations  and  the  most  stringent  potency  factor  available  for  the  given  substance.  It 
should  be  noted  that  the  probability  of  a  person  experiencing  the  90th  percentile 
concentrations  in  all  environments  every  day  is  not  0.9,  but  considerably  lower.  Hence,  the 
90th  percentile  value  is  similar  to  a  'worst  case'  analysis.  The  risk  estimates  for  vinyl  chloride 
and  ethylene  dibromide  should  be  interpreted  with  utmost  care  since  they  were  based  on  6 
to  8  detected  values  out  of  over  200  samples.  For  this  reason,  they  are  not  included  in  Figures 
4.1.1.1,  4.1.1.2,  and  4.1.1.3. 

Figures  4.1.1.1,  4.1.1.2  and  4.1.1.3  display  the  Information  in  Table  4.1.1.1  in  graphical 
form  for  the  three  main  irUialation  situations  of  interest.  All  three  figures  depict  a  series  of 
lines,  where  the  solid  line  identifies  a  risk  of  one  in  a  hundred  thousand  (1  x  10'^).  Risks 
below  this  level  are  generally  deemed  to  be  acceptable  by  regulatory  agencies,  and  includes 
those,  such  as  the  California  Air  Resources  Board,  which  have  recently  conducted  public 
workshops  to  establish  risk  management  guidelines.  It  should  be  noted,  however,  that  the 
acceptability  of  risk  is  a  decision  that  the  affected  population  needs  to  make. 

From  Figxire  4.1.1.1,  which  displays  the  ranges  of  risk  associated  with  outdoor  air 
quality,  the  substances  contributing  to  the  higher  risks,  in  approximately  decreasing  order, 
are:  chromium  VI,  bei\zene,  l^butadiene,  PAHs  (which  include  benzo(a)pyrene  [B(a)P]), 
carbon  tetrachloride,  cadmium,  acetaldehyde,  perchloroethylene  and  1,4-dichlorobenzenel 


^Listed  last  because  of  the  provisional  nature  of  the  risk  estimates  for  this  substance. 
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It  can  be  noted  in  Figure  4.1.1.2,  which  displays  the  ranges  of  risk  associated  with 
typical  outdoor  exposure,  that  the  risks  are  generally  lower  than  risks  in  Figure  4.1.1.1.  The 
substances  contributing  to  the  higher  risks,  in  approximately  decreasing  order,  are:  chromium 
VI,  benzene,  and  1,3-butadiene. 

The  range  of  risks  in  Figure  4.1.1.3,  which  shows  the  ranges  of  risks  associated  with 
typical  personal  exposures,  are  generally  higher  than  the  other  two  situations  (Figures  4.1.1.1 
and  4.1.1.2).  The  substances  which  appear  to  be  contributing  to  the  higher  risks,  in 
approximately  decreasing  order,  are:  1,3-butadiene,  benzene,  chromium  VI,  chloroform, 
carbon  tetrachloride,  PAHs,  acetaldehyde,  perchloroethylene,  ethylene  dichloride, 
formaldehyde,  methylene  chloride,  cadmium  and  1,4-dichIorobeiizene^. 

The  weight  of  evidence  classifications  regarding  carcinogenicity  should  provide  an 
additional  perspective  on  the  risk  range  information  in  Table  4.1.1.1  and  the  Figures  4.1.1.1  to 
4.1.1.3.  An  important  area  of  available  information  is  the  overall  weight  of  evidence 
regarding  the  human  carcinogenicity  of  a  substance.   Both  US  EPA  and  lARC  have 
established  classification  systems  for  describing  the  weight  of  experimental  evidence  for 
carcinogenicity.  The  classifications  used  by  the  US  EPA  are  as  follows: 

•  A  -  Known  Human  Carcinogen  ("sufficient"  human  data  show 
carcinogenicity) 

•  B  -  Probable  Human  Carcinogen  ("limited"  human  data  (Bl)  or  "sufficient" 
animal  data  (B2)  show  cardnogenidty) 

•  C  -  Possible  Human  Carcinogen  (human  data  are  inadequate  or 
nonexistent  but  limited  animal  data  show  carcinogenicity) 

•  D  -  Not  classifiable  as  to  human  carcinogenicity  (data  to  assess 
carcinogenicity  are  inadequate  or  nonexistent) 

•  E  -  Evidence  oï  non-carcinogenicity  in  himians  (well-designed  studies 
suggest  that  the  poUutant  is  non-cardnogenic). 

This  information  can  assist  decisions  on  the  relative  importance  of  substances  when 
risk  estimates  are  similar.  The  carcinogenic  dassification  of  the  Windsor  target  pollutants  are 
summarized  in  Table  4.1.1.2. 

A  further  perspective  on  the  risks  summarized  in  Table  4.1.1.1  and  Figures  4.1.1.1,  4.1.1.2  and 
4.1.1.3  can  be  found  in  Table  4.3.1  in  Section  4.3. 


27 


Table  4.1.1.2.  Weight  of  Evidence  Classification  of  Carcinogenicity  of  Target  Pollutants  In  Windsor 


POLLUTANT 

WEIGHT  of  EVroENCE 
RATING 

POLLUTANT 

WEIGHT  of  EVIDENCE 
RATING 

Benzene 

Known  human  carcinogen 
(A) 

Chloroform 

Probable  human  carcinogen 
(B2) 

1^  -  Butadiene 

Probable  hiiman  carcinogen 
(B2) 

Ethylene  Dibromide 

■  Probable  human  carcinogen 
(B2) 

Carbon 
Tetrachloride 

Probable  human  carcinogen 
(B2) 

Trichloroethylene 

Probable  him\an  carcinogen 
(32) 

Formaldehyde 

Probable  himian  carcinogen 
(Bl) 

Nickel 

Probable  human  carcinogen 
(B2) 

1,4  -  Dichlorobenzene 

Classification  withdrawn 
recently 

Vinyl  chloride 

Known  human  carcinogen 
(A) 

Cadmium 

Probable  human  carcinogen 
(Bl) 

Berylliimi 

Probable  human  carcinogen 
(B2) 

Chromium  VI 

Known  human  carcinogen 
(A) 

Acetaldehyde 

Probable  human  carcinogen 
(B2) 

PAHs 

Most  are: 

Probable  human  carcinogens 

(B2) 

Arsenic 

Known  human  carcinogen 
(A) 

Perchloroethylene 

Probable  human  carcinogen 
(B2) 

PCBs 

Probable  human  carcinogen 
(B2) 

Methylene  Chloride 

Probable  human  carcinogen 
(B2) 

Dioxins/Furans 

Probable  human  carcinogen 
(B2) 

Ethylene  Dichloride 

Probable  human  carcinogen 
(B2) 
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4.1.2  Inhalation  Non-Cancer  Risk  -  Hazard  Index  Summaries  for  Threshold  Effects: 


The  comparison  of  inhalation  exposures,  expressed  as  intake  per  day,  to  health-based 
chronic  acceptable  exposure  levels  are  summarized  in  Table  4.1.2.1.  The  chronic  acceptable 
exposure  levels  (AELs)  are,  in  almost  aU  cases,  values  proposed  by  the  US  EPA,  CDHS,  and 
WHO.  These  values  represent  levels  below  which  chronic  long  term  effects  (e.g.,  liver, 
kidney,  reproductive),  other  than  cancer  risk,  are  not  expected.   In  this  case,  one  is  dealing 
with  threshold  effects,  and  these  AELs  already  have  protection  factors  built  into  them. 
Therefore  exposures  below  these  levels  are  unlikely  to  be  associated  with  any  long  term 
chronic  effects.  For  exposures  above  these  levels,  long  term  effects  are  possible.  The  right  side 
of  Table  4.1.2.1  shows  the  likelihood  of  long  term  effects  associated  with  the  various 
chemicals  in  the  three  main  exposure  situations.  Substances  which  fall  into  the  category  with 
possible  long  term  effects  include:  13-butadiene,  carbon  tetrachloride,  formaldehyde, 
cadmium,  chromium  VI,  acetaldehyde,  and  manganese. 

When  a  substance  is  non-cardnogenic,  but  has  other  health  effects,  a  hazard  index 
may  be  calculated.  The  hazard  index  is  a  guide  as  to  whether  the  acceptable  amount  of  the 
substance  in  air  has  been  exceeded.  Individual  hazard  indices  can  be  calculated  by  dividing 
the  concentration  in  air  by  the  chronic  toxicity  health  criteria,  such  as  the  Reference 
Concentration  or  AEL.   If  the  hazard  index  is  less  than  one,  there  should  be  little  or  no 
concern.  Where  the  hazard  index  is  significantly  greater  than  one,  there  should  be  a 
corresponding  increase  in  concern  and  an  indication  that  the  situation  may  require 
improvement. 

The  hazard  indices  are  summarized  in  Table  4.1.2.2.  The  range  of  indices  in  the  table 
arise  from  the  range  of  exposures  based  on  the  mean  to  the  90th  percentile  concentrations 
and  the  range  of  AELs  proposed  by  the  US  EPA,  the  CDHS  and  WHO. 


Figures  4.1.2.1,  4.1.2.2  and  4.1.2.3  display  in  graphic  form,  the  range  of  hazard  indices 
for  the  three  inhalation  situations  of  interest.  The  solid  line  corresponds  to  a  hazard  index  of 
one;  in  other  words,  where  the  exposure  level  is  equal  to  the  chronic  AEL. 
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Table  4.1^2  Chronic  Hazard  Indices  of  Pollutants  in  Windsor 

POLLUTANT 

RANGE  OF  HAZARD  INDICTS* 

Outdoor  Air 

Quality 

(100  %  outdoor 

exposure) 

Typical 

Outdoor  Exposure 

(=3hr) 

Typical  Personal 
Exposures  or 
Indoor 
Environments 

Benzene 

Om  -  0.08 

0.001  -  0.01 

0.01  -  0.2 

1^  -  Butadiene 

OjOi-03 

0.004  -  0.04 

0.08  -  1.5 

Carbon  Tetrachloride 

0.002  -  03 

0JXX)2  -  0.06 

0.009  -  3.9 

Formaldehyde 

0.25-23 

0.03  -  2.9 

IS  -  156 

1^  -  Dichlorobenzene 

OJWS  -  0X3 

0JX)006  -  0.003 

0.0O06  -  03 

Cadmium 

0.0001  -  13 

O.OOOl  -  0.2 

0.00006  -  0.9 

Chromium  VI 

0.15  -  2 

0.02  -  0.25 

0.06  -  1.1 

PAHs 

- 

- 

- 

Mercury 

0.007  -  ojas 

0.0008  -  0.007 

-      - 

Perchloroethylene 

0i)002  -  0.06 

0Xm02  -  0.007 

0.0004  -  034 

Methylene  Chloride 

Oi)005  -  0.0009 

0.00007  -  0.0001 

0.0005  -  0.009 

Ethylene  Dichloride 

0.0001  -  0J)02 

OJWOOl  -  0.0002 

0.001  -  OJDl 

Chloroform 

OJOM  -  0.009 

0.0006  -  0.001 

0.05  -  0.33 

Ethylene  Dibromide 

0.09 

0.01 

- 

Trichloroethylene 

0.0003  -  0.001 

0.00004  -  0.0002 

0.0008  -  0.0005 

Nickel 

0J02  -  0.04 

0.002  -  0.006 

0X04  -  0X08 

Vinyl  Chloride 

om 

0.003 

- 

Beryllium 

om  -  0.03 

0.002  -  0.004 

- 

Acet  aldehyde 

0.16  -  0.56 

0.02  -  0.07 

0.73  -  4.3 

Arsenic 

0.003  -  0.005 

0.0004  -  0.0006 

0X01  -  0.004 

PCBs 

0.003  -  OJ0008 

0X0004  -  0.0001 

- 

Manganese 

0.2  -  i6 

0.02  -  0.33 

0X1  -  0.3 

The  range  of  Hazard  Indices  (HI)  were  calculated  from  the  inhalation  intakes  (of  adults  and  children)  and  the  available  chronic 
acceptable  exposure  levels  (i.e.,  RfC-EPA  or  AEL-CA)  in  the  following  manner 

(1)  For  substances  with  a  single  available  chronic  RfC  or  AEL: 

Range  of  HI  =  Lowest  mean  inhalation  intake  /  RfC  or  (AEL  -  Highest  90th  percentile  inhalation  intake  )/  RfC  or  AEL 

(2)  For  substances  with  a  range  of  available  chronic  RfC  or  AEL: 
Range  of  HI  =  Lowest  mean  inhalation  intake/Highest  RfC  or 

=  (AEL  -  Highest  90th  percentile  inhalation  intake)/  Lowest  RfC  or  AEL 
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4.1.3  Comparison  Among  the  Three  Inhalation  Exposure  Situations: 

In  this  section,  intakes  associated  with  outdoor  air  quality  (i.e.,  100%  outdoor 
exposure),  typical  outdoor  exposures  (i.e.  =  3  hr)  and  typical  personal  exposures  (or  indoor 
environments)  are  compared  for  each  substance.  Figures  4.1.3.1,  4.1.3.2,  4.1.3.3  and  4.1.3.4 
show  these  comparisons.  Exposures  are  expressed  in  the  figures  as  intakes  in  units  of 
}ig/day,  vmless  otherwise  indicated  (e.g.,  ng/day). 

The  following  trends  can  be  noted  from  the  figures: 

♦  In  almost  all  cases,  with  the  exception  of  the  metals,  such  as  cadmium  or 
chromium  VI,  typical  personal  exposures  exceed  exposures  associated  with 
outdoor  air  quality. 

♦  For  aU  volatile  organic  compounds,  (i.e.,  benzene,  13-butadiene,  carbon 
tetrachloride,  1,4-dichlorobenzene,  perchloroethylene,  ethylene  dichloride, 
trichloroethylene,  chloroform,  methylene  chloride)  and  carbonyl 
compounds  (i.e.,  formaldehyde,  acetaldehyde),  typical  personal  exposures 
exceed  both  exposures  associated  with  outdoor  air  quality  (i.e.,  24  hr)  and 
typical  outdoor  exposures  (  i.e.,  3  hr). 

♦  For  metals  (i.e.,  cadmium,  chromium,  lead,  arsenic,  manganese,  nickel), 
exposures  associated  with  outdoor  air  quality  (24  hr)  exceed  typical 
personal  exposures. 

♦  For  some  substances  (i.e.,  mercury,  beryllium,  ethylene  dibromide,  vinyl 
chloride,  and  PCBs),  the  comparison  could  not  be  evaluated  because  of  the 
lack  of  typical  personal  exposure  data  or  the  lack  of  reliable  exposure  data 
in  general  (for  example,  a  small  number  of  detects  in  a  large  number  of 
samples). 

♦  For  PAHs,  exposures  associated  with  outdoor  air  quality  are  similar  to 
typical  personal  exposures. 

♦  For  dioxins/furans,  exposures  associated  with  outdoor  air  quality  exceed 
typical  personal  exposures. 
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4.1.4  Brief  Summary  of  Risk  Characterizations  of  Individual  Substances: 

The  main  findings  for  those  substances  on  the  focus  list,  for  which  a  more  detailed 
risk  analysis  was  conducted,  are  summarized  in  this  section.  Further  specific  details  or 
clarifications  on  the  summary  points  may  be  obtained  by  consulting  the  respective 
Appendices  which  are  published  separately. 
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BENZENE 


Benzene  is  a  volatile  substance  which  is  a  natural  constituent  of  crude  oil  and 
gasoline.  Its  main  sources  are  gasoline-related  operations,  cars,  and  combustion  sources,  such 
steel  mill  operations  and  incinerators.  Cigarette  smoke  is  also  a  source  of  benzene. 

Based  on  an  exposure  analysis  and  the  graphic  risk  characterization  (Figure  4.1.4.1), 
the  following  observations  and  deductions  can  be  made  concerning  benzene: 


The  inhalation  route  dominates  aU  other  exposure  routes  for  bei\zene. 
Exposvtre  by  ingestion  and  absorption  across  the  skin  are  10  to  1000  times  less 
than  inhalation. 

AU  the  inhalation  exposures  are  less  than  the  chronic  acceptable  exposure 
level.  Therefore,  the  possibility  of  long  term  health  effects,  other  than  cancer 
risk,  is  imlikely. 

Using  the  various  potencies  from  US  EPA,  CDHS  and  WHO,  the  range  of  risks 
associated  with  outdoor  air  quality  (i.e.,  100%  outdoor  exposure)  is  1.2  x  10"^  to 
1.6  X  10^.  Similarly,  the  range  of  risks  associated  with  typical  outdoor  exposures 
(i.e.,  3  hr)  is  1.5  x  10^  to  2.0  x  10'^  and  that  for  typical  personal  exposures  is  1.3  x 
10-5  jQ  4  9  X  10^. 

This  range  of  risk  analysis  is  summarized  in  Table  4.1.4.1.  It  should  be  noted 
that  this  risk  characteriiation  using  carcinogenic  risk  based  limits  is  based  on 
an  assumed  lifetime  exposure  (24  hours,  every  day,  for  70  years)  and  hence  is 
a  very  conservative  assumption. 

Exposures,  and  therefore  risks,  associated  with  typical  personal  exposures  are 
slightly  higher  than  the  risks  associated  with  outdoor  air  quality  which  in  turn 
is  higher  than  typical  outdoor  exposure. 

The  commuting  and  tobacco-affected  environments  are  the  most  dominant  in 
the  upper  range  of  typical  personal  exposures. 

The  exposure  that  a  smoker  experiences  is  considerably  higher  (associated  risks 
are  between  5  x  10^  and  3.4  x  10"^)  than  any  of  the  exposures  associated  with 
personal  activity  patterns,  outdoor  air  quality  and  typical  outdoor  exposures. 
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Table  4.1.4.1  Range  of  Inhalation  Cancer  Risks  Associated  with  Estimated  Intakes  of  Benzene 


RANGE  o£  INHALATION  INTAKES 

POTENCY* 

RANGE  of  RISKS 

Environment 

Unit 
(pg/day) 

Unit 
'mg/kg/day) 

Agency 

Unit 
(mg/kg-d)-' 

OUTDOOR 

AIR 
QUAUTY 
(Windsor) 

60  -  111 

8.6  X  lar*  - 
1.6  X  10^ 

EPA 

2.9  X  10-* 

23  X  10"'  -  4.6  X  10-' 

CDHS 

0.1 

9J0  X  10-'  -  1.6  X  10-* 

WHO 

1.4  X  10' 

1.2  X  10-'  -  2-2  X  10-' 

OVERALL  RANGE  OF  RISKS:  1.2  x  lO"*  -  1.6  x  Iff* 

TYPICAL 
OUTDOOR 
EXPOSURE 
(i.e.,=  3  hr.) 

8-14 

1.1  X  10^  - 
2.0x10^ 

EPA 

2.9  X  10-' 

3.2  X  10-*  -  5.8  X  10-* 

CDHS 

0.1 

1.1  X  10-'  -  ZO  X  Iff' 

WHO 

1.4  X  10'* 

13  X  Iff*  -  2.8  X  Iff' 

OVERALL  RANGE  OF  RISKS:  13  x  10^  -  2.0  x  10^ 

TYPICAL 
PERSONAL 
EXPOSURES 

67-340 

9.6  X  10^  - 
4.9  X  la' 

EPA 

2.9  X  10' 

8.0  X  Iff'  -  1.4  X  Iff* 

CDHS 

0.1 

9.6  X  Iff'  -  4.9  X  Iff* 

WHO 

1.4  X  10' 

1.3  X  Iff'  -  6.9  X  Iff' 

OVERALL  RANGE  OF  RISKS:  1.3  x  10"*  -  4.9  x  Iff* 

These  are  equivalent  potency  factors  calculated  from  the  unit  risks  proposed  by  the  agencies  listed.  Exposures  are  for 
adults  only;  assumed  adult  weight  of  70  kg  and  20  m^  per  day. 


Recommendation: 

♦     Since  the  levels  of  inhalation  risk  exceed  1  x  10^,  a  level  generally  deemed  to  be 
negligible,  it  is  recommended  that  benzene  be  considered  a  candidate  for 
reduction  of  exposure. 
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Guiding  Description  to  Figure  4.1.4.1: 

Figure  4.1.4.1  provides  a  graphic  comparison  of  exposures,  exposure  guidelines  and  intakes  associated 
with  inhalation  cancer  risk,  hosed  on  }ig  intake/day  increasing  upwards  on  the  vertical  scale. 

The  middle  section  of  the  figure,  "Exposures  ",  depicts  the  exposures,  expressed  as  intake/day  (i.e., 
pig/day).  The  exposures  depicted  are:  Outdoor  Air  Quality  -  the  exposure  from  spending  100  %  of 
the  day  outdoors;  Typical  Outdoor  Exposure  -  the  exposure  from  three  hours  only  outdoors, 
provided  for  perspective  on  the  contribution  to  risk  solely  from  contaminants  present  in  outdoor  air; 
Typical  Personal  Exposures  -  the  range  of  exposures  associated  with  ten  different  exposure 
scenarios,  combining  periods  of  indoor,  outdoor  and  various  microenvironment  exposures.  Exposure 
scenarios  are  included  for  adults  and  children,  assuming  20  and  5  nfjday  inhalation  rates  respectively. 
Calculations  were  done  to  determine  relative  exposures  of  both  adults  and  children.  The  top  70  %  of 
the  bars  in  the  graph  represents  adult  intakes  while  children's  exposures  were  much  lower  {lower  end 
of  the  bar).  The  exposure  ranges  shown  bracket  the  lowest  mean  to  the  highest  90th  percentile.  For 
perspective  purposes,  the  exposure  of  smokers,  as  a  direct  result  of  smoking  activity,  is  also  depicted  in 
this  section. 

The  left  section  of  the  figure,  "Exposure  Guidelines",  expresses  the  various  guidelines  in  terms  of 
calculated  "allowable"  intake  per  day  for  adults  and  children.  Within  each  type  of  guideline  group 
(e.g.,  outdoor  air),  ranges  of  exposure  guidelines  are  indicated  where  available.  Thus,  ranges  of  Air 
Quality  Guidelines  (i.e.,  'Outdoor  Air'),  Occupational  guidelines  (i.e.,  'Workplace  Air'),  and  a  chronic 
health  effects  based  reference  concentration  (i.e.,  'Chronic  AEL';  only  one  available)  are  shoum. 
Comparison  of  "Exposure  Guidelines  "  to  "Exposures  "  should  be  done  with  care.  For  example, 
occupational  guidelines  are  included  for  perspective  purposes  only. 

The  right  section  of  the  figure,  "Intakes  Associated  With  Cancer  Risk",  shows  the  intakes  associated 
with  lifetime  cancer  risk.  Ranges  of  carcinogenic  risk  levels  (associated  with  1  x  1(T^  risk  and  1  x  10*  . 
risk)  are  depicted. 
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1.3 -BUTADIENE 

1,3  -  Butadiene  is  a  flammable  gas.   Very  large  amounts  are  produced  every  year  from 
petroleum  to  make  rubber  products.  It  is  a  minor  component  of  gasoline.  Its  main  sources  are 
motor  vehicle  exhaust;  other  sources  include:  petroleum  refineries;  chemical,  rubber  and 
plastic  manufacturing  plants;  and  cigarette  smoke. 

Based  on  an  exposure  analysis  and  the  graphic  risk  characterization  (Figure  4.1.4.2), 
the  following  observations  and  deductions  may  be  made  about  13-butadiene: 

1.  The  inhalation  route  dominates  all  other  exposure  routes  for  1,3-butadiene. 
Ingestion  exposure  is  thought  to  be  insignificant.  Dermal  exposures  are  50  to 
1000  times  lower  than  inhalation,  although,  because  of  the  lipophilic  nature  of 
this  chemical,  they  may  in  some  cases  add  to  the  cancer  risk. 

2.  All  the  inhalation  exposures  associated  with  outdoor  air  quality  (i.e.,  100  % 
outdoor  exposure)  or  with  typical  outdoor  exposure  (i.e.,  3  hr)  are  less  than  the 
chronic  threshold  effect  level.  Therefore,  long  term  health  effects,  other  than 
cancer  risk,  are  unlikely  for  all  inhalation  exposures,  except  for  some  exposures 
associated  with  personal  activity  patterns,  such  as  tobacco-smoke  affected 
environments. 

3.  Using  the  various  potencies  from  US  EPA,  CDHS  and  WHO,  the  range  of  risks 
associated  with  outdoor  air  quality  is  1.5  x  10^  to  1.1  x  10"^.  Similarly  the  range 
of  risks  associated  with  typical  outdoor  exposures  is   1.9  x  10'^  to  1.4  x  10"^;  and 
for  typical  personal  exposures,  1.7  x  10^  to  5.0  x  10"^.  This  range  of  risk  analysis  is 
summarized  in  Table  4.1.4.2.  It  should  be  noted  that  this  risk  characterization 
using  carcinogenic  risk  based  Umits  is  based  on  an  assumed  lifetime  exposure 
(24  hours,  every  day,  for  70  years)  and  hence  is  a  very  conservative 
assumption. 

4.  Exposure  and  therefore  risks  associated  with  typical  personal  exposures  are 
slightly  higher  than  those  associated  with  outdoor  air  quality,  which  in  turn  are 
higher  than  typical  outdoor  exposures. 

5.  The  commuting  and  tobacco  smoke-affected  environments  are  the  most 
dominant  in  the  upper  range  of  typical  personal  exposures. 

6.  The  exposure  that  a  smoker  experiences  is  corisiderably  higher  (associated  risks 
are  between  1.7  x  10"^  and  1.6  x  10'^)  than  any  of  the  exposures  associated  with 
personal  activity  patterns,  outdoor  air  quality  and  typical  outdoor  exposures. 
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Table  4.1.42  Range  of  Inhalation  Cancer  Risks  Associated  with  Estimated  Intalces  of  i,3-Butadiene 


RANGE  o£  INHALATION  INTAKES 

POTENCY* 

RANGE  of  RISKS 

Environment 

Unit 
(pg/day) 

Unit 
(mg/kg/day) 

Agency 

Unit 
(mg/kg-d)* 

OUTDOOR 

AIR 
QUALITY 
(Windsor) 

4-7.8 

5.7  X  10"'  - 
1.1  X  10^ 

EPA 

1.0 

5.7  X  Iff*  -  1.1  X  Iff^ 

CDHS 

6.1  X  10-^ 

33  X  Iff'  -  6.7  X  Iff' 

WHO 

2.7  X  Iff' 

1.5  X  Iff*  -  3.0  X  Iff* 

OVERALL  RANGE  OF  RISKS: 

13  X  Iff*  -  1.1  X  Iff* 

TYPICAL 
OUTDOOR 
EXPOSURE 
(i.e.=  3  hr.) 

03-1 

7.1  X  10-*  - 

1.4  X  icr' 

EPA 

1.0 

7.1  X  Iff*  -  1.4  X  Iff' 

CDHS 

6.1  X  10-' 

4  J  X  Iff*  -  83  X  Iff* 

WHO 

2.7  X  10-' 

1.9  X  Iff'  -  33  X  Iff' 

OVERALL  RANGE  OF  RISKS- 

1.9  X  Iff'  -  1.4  X  10^ 

TYPICAL 
PERSONAL 
EXPOSURES 

7-35 

1.0  X  10^  - 

SJOxicr* 

EPA 

1.0 

1.0  X  Iff*  -  5.0  X  Iff^ 

CDHS 

6.1  X  Iff» 

6.1  X  Iff*  -  3.1  X  Iff* 

WHO 

2.7  X  10-* 

2.7  X  Iff*  -  1.4  X  Iff' 

OVERALL  RANGE  OF  RISKS: 

2.7  X  Iff*  -  5X  X  Iff* 

*These  are  equivalent  potency  factors  calculated  from  the  unit  risks  proposed  by  the  agencies  listed.  Adult 
exposures  only;  assumed  adult  vk^eight  of  70  kg  and  20  m'  per  day. 


Recommendation: 

♦      Since  the  levels  of  inhalation  risk  exceed  1  x  Iff',  a  level  generally  deemed  to  be  negligible,  it  is 
recommended  that  1,3-butadiene  be  considered  a  candidate  for  reduction  of  exposure. 


47 


Guiding  Description  to  Figure  4.1.4.2: 


Figure  4.1.42  -provides  a  graphic  œmparison  of  exposures,  exposure  guidelines  and  intakes  associated 
xvith  inhalation  cancer  risk,  based  on  ]ig  intake/day  increasing  upwards  on  the  vertical  scale. 

The  middle  section  of  the  figure,  "Exposures",  depicts  the  exposures,  expressed  as  intake/day  (i.e., 
pig/day).  The  exposures  depicted  are:  Outdoor  Air  Quality  -  the  exposure  from  spending  100  %  of 
the  day  outdoors;  Typical  Outdoor  Exposure  -  the  exposure  from  three  hours  only  outdoors, 
provided  for  perspective  on  the  contribution  to  risk  solely  from  contaminants  present  in  outdoor  air; 
Typical  Personal  Exposures  -  the  range  of  exposures  associated  with  ten  different  exposure 
scenarios,  combining  periods  of  indoor,  outdoor  and  various  microenvironment  exposures.  Exposure 
scenarios  are  included  for  adults  and  children,  assuming  20  and  5  rr^jday  inhalation  rates  respectively. 
Calculations  were  done  to  determine  relative  exposures  of  both  adults  and  children.  The  top  70  %  of 
the  bars  in  the  graph  represents  adult  intakes  while  children's  exposures  were  much  lower  (lower  end 
of  the  bar).  The  exposure  ranges  shown  bracket  the  lowest  mean  to  the  highest  90th  percentile.  For 
perspective  purposes,  the  exposure  of  smokers,  as  a  direct  result  of  smoking  activity,  is  also  depicted  in 
this  sedbn. 

The  left  section  of  the  figure,  "Exposure  Guidelines  ",  expresses  the  various  guidelines  in  terms  of 
calculated  "allowable"  intake  per  day  for  adults  and  children.    Within  each  type  of  guideline  group 
(e.g.,  outdoor  air),  ranges  of  exposure  guidelines  are  indicated  where  available.  Thus,  ranges  of  Air 
Quality  Guidelines  (i.e.,  'Outdoor  Air'),  Occupational  guidelines  (i.e.,  'Workplace  Air'),  and  a  chronic 
health  effects  based  reference  concentration  (i.e.,  'Chronic  AEL';  only  one  available)  are  shown. 
Comparison  of  "Exposure  Guidelines"  to  "Exposures"  should  be  done  with  care.  For  example, 
occupational  guidelines  are  included  for  perspective  purposes  only. 

The  right  section  of  the  figure,  "Intakes  Associated  With  Cancer  Risk",  shows  the  intakes  associated 
with  lifetime  cancer  risk.  Ranges  of  carcinogenic  risk  levels  (associated  with  1  x  10^  risk  and  1  x  10^ 
risk)  are  depicted. 
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CARBON  TETRACHLORIDE 


Carbon  tetrachloride  is  a  liquid,  but  most  emissions  to  the  environment  are  found  in 
vapour  form  in  the  atmosphere  where  they  may  remain  for  several  years.   The  chemical  does 
not  occur  naturally.  It  is  mostly  used  to  produce  chlorofluorocarbons  (CFCs)  for  refrigerants, 
but  since  the  latter  affect  the  earth's  ozone  layer,  their  production  is  being  phased  out. 

Based  on  an  exposvire  analysis  and  the  graphic  risk  characterization  (Figure  4.1.4.3), 
the  follovydng  observations  and  deductions  can  be  made  concerning  carbon  tetrachloride: 


1.  The  inhalation  route  is  generally  higher  than  other  exposure  routes  for  carbon 
tetrachloride.  Ingestion  and  dermal  exposures  are  several  times  lower  than 
inhalation,  especially  if  the  average  rather  than  the  maximum  intake  from  food 
is  considered.  The  risk  associated  with  these  exposures  using  the  average 
intake  from  food  are  approximately  1  x  10"^  and  therefore  they  can  add  to  the 
cancer  risk  associated  with  carbon  tetrachloride. 

2.  All  the  inhalation  exposures  associated  with  outdoor  air  quality  (i.e.,  100% 
outdoor  exposure)  and  with  typical  outdoor  exposure  (i.e.,  3  hr)  are  less  than  the 
range  of  available  chronic  acceptable  exposure  levels.  However,  some  of  the 
exposures  associated  personal  activity  patterns  fall  in  the  lower  10%  range  of 
these  chronic  acceptable  exposure  levels.  Therefore,  long  term  health  effects, 
other  than  cancer  risk,  are  unlikely  for  all  inhalation  exposures,  but  possible 
for  some  exposvures  associated  with  personal  activity  patterns. 

3.  Using  the  various  potencies  from  CDHS  and  US  EPA,  the  range  of  risks 
associated  with  outdoor  air  quality  is  1.0  x  10"^  to  2.0  x  10'^.  Similarly  the  range 
of  risks  associated  with  typical  outdoor  exposures  is  1.2  x  10^  to  2.5  x  10"^;  and 
for  typical  persorml  exposures,  3.9  x  10"^  to  1.6  x  10^.  This  range  of  risk  analysis  is 
summarized  in  Table  4.1.4.3.  It  should  be  further  noted  that  this  risk 
characterization,  using  carcinogenic  risk-based  limits,  is  based  on  an  assumed 
lifetime  exposure  (24  hours,  every  day,  for  70  years)  and  hence  is  a  very 
conservative  assumption. 

4.  Exposures  and  therefore  risks  associated  with  typical  personal  exposures  are 
slightly  higher  than  the  risks  associated  with  outdoor  air  quality  which  in  turn 
are  higher  than  typical  outdoor  exposures. 

5.  Commuting  and  some  indoor  environments  are  the  most  dominant  in  the 
upper  range  of  typical  personal  exposures.  Carbon  tetrachloride  exposure  from 
smoking  is  not  expected  to  be  significant. 
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Table  4.1.4J  Range  of  Inhalation  Cancer  Risks  Associated  witti  Estimated  intakes  of  Carbon  Tetrachloride 


RANGE  of  INHALATION  INTAKES 

POTENCY  * 

RANGE  of  RISKS 

Environment 

Unit 
(jig/day) 

Unit 
(mg/kg/day) 

Agency 

Unit 
(mg/Tcg-d)' 

OUTDOOR 

AIR 
QUALITY 
(Windsor) 

13-23 

1.9  X  10-*  - 
33xl(r* 

EPA 

5.4  x  10' 

1.0  X  10-''  -  1.8  X  10-' 

CDHS 

IS  X  10-> 

1.1  X  10"'  -  2X  X  10"' 

WHO 

NA 

OVERALL  RANGE  OF  RISKS:  1.0  x  lO*  -  2.0  x  Iff* 

TYPICAL 
OUTDOOR 
EXPOSURE 
(i.e.,=  3  hr.) 

1.6  -  2.9 

23  X  10-'  - 

4.1  X  icr' 

EPA 

5.4  x  10"' 

1.2  X  10^  -  2.2  X  Iff* 

CDHS 

13  X  10* 

1.4  X  Iff*  -  23  X  Iff*  •» 

WHO 

NA 

OVERALL  RANGE  OF  RISKS:  1.2  x  10^  -  23  x  Iff* 

TYPICAL 
PERSONAL 
EXPOSURES 

50.4  - 
187.9 

7.2  X  i(r*  - 
2.7  X  icr^ 

EPA 

5.4  X  10-2 

3.9  X  Iff'  -  13  X  Iff* 

CDHS 

13  X  10'* 

43  X  Iff'  -  1.6  X  Iff*  •• 

WHO 

NA 

OVERALL  RANGE  OF  RISKS:  3.9  x  lO"*  -  1.6  x  Iff^ 

exposures;  assumed  adult  weight  of  70  kg  and  20  m'  per  day. 

"Intakes  were  adjusted  for  40%  absorption  when  calculating  risks  from  the  CDHS  equivalent  potency  factor. 
This  makes  the  CDHS  risk  estimates  comparable  to  the  US  EPA  estimates  since  the  US  EPA  unit  risk  value 
already  includes  a  40%  absorption  assumption. 


Reœmmendation: 

♦    Since  the  levels  of  inhalation  risk  exceed  1  x  10"^,  a  level  generally  deemed  to 
be  negligible,  it  is  recommended  that  carbon  tetrachloride  be  considered  a 
candidate  for  reduction  of  exposure. 
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Guiding  Description  to  Figure  4.1.43: 


Figure  4.1.4.3  provides  a  graphic  œmparison  of  exposures,  exposure  guidelines  and  intakes  associated 
with  inhalation  cancer  risk,  based  on  ^g  intake/day,  increasing  upwards  on  the  vertical  scale. 

The  middle  section  of  the  figure,  "Exposures",  depicts  the  exposures,  expressed  as  intake/day  (i.e., 
]iglday}.  The  exposures  depicted  are:  Outdoor  Air  Quality  -  the  exposure  from  spending  100  %  of 
the  day  outdoors;  Typical  Outdoor  Exposure  -  the  exposure  from  three  hours  only  outdoors, 
provided  for  perspective  on  the  contribution  to  risk  solely  from  contaminants  present  in  outdoor  air; 
Typical  Personal  Exposures  -  the  range  of  exposures  associated  loith  ten  different  exposure 
scenarios,  combining  periods  of  indoor,  outdoor  and  various  microenvironment  exposures.  Exposure 
scenarios  are  included  for  adults  and  children,  assuming  20  and  5  n^/day  inhalation  rates  respectively. 
Calculations  were  done  to  determine  relative  exposures  of  both  adults  and  children.  The  top  70  %  of 
the  bars  in  the  graph  represents  adult  intakes  while  children's  exposures  were  much  lower  (.lower  end 
of  the  bar).  The  exposure  ranges  shown  bracket  the  lowest  mean  to  the  highest  90th  percentile. 

The  left  section  of  the  figure,  "Exposure  Guidelines  ",  expresses  the  various  guidelines  in  terms  of 
calculated  "allowable"  intake  per  day  for  adults  and  children.   Within  each  type  of  guideline  group 
(e.g.,  outdoor  air),  ranges  of  exposure  guidelines  are  indicated  where  available.  Thus,  ranges  of  Air 
Quality  Guidelines  (i.e.,  'Outdoor  Air'),  Occupational  guidelines  (i.e.,  'Workplace  Air'),  and  a  chronic 
health  effects  based  reference  concentration  (i.e.,  'Chronic  AEU)  are  shown.  The  existing  MOEE 
guideline  for  carbon  tetrachloride  is  also  shown  as  a  horizontal  bar.  Comparison  of  "Exposure 
Guidelines  "  to  "Exposures  "  should  be  done  with  care.  For  example,  occupational  guidelines  are 
included  for  perspective  purposes  only. 

The  right  section  of  the  figure,  "Intakes  Associated  With  Cancer  Risk",  shows  the  intakes  associated 
with  lifetime  cancer  risk.  Ranges  of  carcinogenic  risk  levels  (associated  ivith  1  x  10^  risk  and  1  x  10^ 
risk)  are  depicted. 
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FORMALDEHYDE 


At  normal  temperatures,  formaldehyde  is  a  gas  with  a  pungent,  irritating  odour.  It  is 
emitted  from  combustion  sources  (i.e.,  mobile,  fuel  combustion)  and  is  the  most  prevalent 
aldehyde  in  vehicle  exhaust.   Other  processes  from  which  formaldehyde  is  emitted  or  formed 
as  a  by-product  include:  petroleum  refinery  catalytic  cracking  and  coking;  and  atmospheric 
photo-oxidation  of  imbumed  hydrocarbons. 

Based  on  an  exposure  analysis  and  the  graphic  risk  characterization  (Figure  4.1.4.4), 
the  following  observations  and  deductions  can  be  made  concerning  formaldehyde: 

1.  Ingestion  exposures,  dominated  by  exposure  from  food,  are  about  5  to  10  times 
higher  than  from  inhalation.  Most  of  the  formaldehyde  is  thought  to  be  in  a 
bound  and  unavailable  form;  that  is,  only  some  of  the  ingested  formaldehyde 
is  absorbed  through  the  gastrointestinal  tract.  Furthermore,  the  carcinogenicity 
of  formaldehyde  by  the  oral  route  has  not  been  unequivocally  demonstrated. 
For  both  these  reasons,  it  is  not  possible  to  determine  the  contribution  of 
ingestion  exposure  to  cancer  risk. 

2.  All  the  inhalation  exposures  overlap  with  or  exceed  the  range  of  chronic 
acceptable  exposure  levels  (6.6  -  72  jig/day  in  Figure  4.1.4.4)  proposed  by 
California  (CDIiS/CAPCOA)  and  Massachusetts  (MDEP).  Therefore  there  is  a 
possibility  of  long  term  health  effects  to  the  respiratory  system  associated  with 
inhalation  exposures.  Allergic  reactions,  contribution  to  the  development  of 
asthma,  systemic  sensitization  and  chronic  respiratory  tract  disease  are  some  of 
the  effects  that  may  be  associated  with  exposure  to  formaldehyde. 

3.  Based  on  the  most  recent  1991  information  from  the  US  EPA,  the  range  of  risks 
in  Table  4.1.4.4,  corresponding  to  'EPA  ('91)',  is  considered  to  be  the  best  range 
of  risk  estimates  for  formaldehyde.  Thus,  from  the  table,  the  range  of  risks 
associated  with  outdoor  air  quality  (i.e.,  100%  outdoor  exposure)  is  between  2;i  x 
10^  and  4.6  x  10"*.  Similarly,  the  range  of  risks  associated  with  typical  outdoor 
exposures  (i.e.,  3  hr)  is  between  2.7  x  10"^  and  5.7  x  10'^;  and  the  range  of  risks 
for  typical  personal  exposures  is  between  1.1  x  lO"^  and  3.1  x  10'^.  This  range  of 
risk  analysis  is  summarized  in  Table  4.1.4.4.  It  should  be  noted  that  this  risk 
characterization  using  carcinogenic  risk  based  limits  is  based  on  an  assumed 
Ufetinie  exposure  (24  hours,  every  day,  for  70  years)  and  hence  is  a  very 
conservative  assiunption. 

4.  Exposures,  and  therefore  risks,  associated  with  typical  personal  exposures  are 
slightly  higher  than  the  risks  associated  with  outdoor  air  quality  which  in  turn 
is  higher  than  typical  outdoor  exposures. 

5.  The  exposure  that  a  smoker  experiences  overlaps  with  and  exceeds  the 
exposures  associated  with  the  personal  activity  patterns,  and  substantially 
exceeds  exposures  associated  with  outdoor  air  quality  and  typical  outdoor 
exposures, 
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Table  4.1.4.4  Range  of  InhalaUon  Cancer  Risks  Associated  with  Estimated  Intakes  of  Formaldehyde 


RANGE  of  INHALATION  INTAKES 


Environment 


Unit 
(jig/day) 


Unit 
(mg/kg/day) 


POTENCY' 


Agency 


Unit 
{mg^cg-d)-^ 


RANGE  of  RISKS 


OUTDOOR 

AIR 
QUALITY 
(Windsor) 


TYPICAL 
OUTDOOR 
EXPOSURE 

(i.e.=  3  hr) 


TYPICAL 
PERSONAL 
EXPOSURES 


72  -  152 


9-19 


370- 
1029 


2.2x10^ 


1 J  X  10^  - 
2.7  X  10-* 


53  X  10^  - 

14.7  X  icr^ 


EPA('87) 
EPA('91) 


4.6  X  icr* 
2.1  X  10^ 


4.6  X  10-*  -  1.0  X  10^ 
2.1  X  10^  -  4.6  X  10^ 


CDHS 


2.1  X  10-' 


2.1  X  la'  -  4.6  X  IC' 


NYSDOH 


6.1  X  10-' 


6.1  X  10"'  -  1.3  X  itr* 


OVERALL  RANGE  OF  RISKS:  2.1  x  lO"*  -  1.3  x  10^ 


EPA('87) 
EPA('91) 


CDHS 


NYSDOH 


4.6  X  10"' 
2.1  X  10^ 


2.1  X  10-' 


6.1  X  Iff' 


6.0  X  Iff*  -  1.2  X  Iff* 
2.7  X  Iff^  -  5.7  X  Iff' 


2.7  X  Iff*  -  5.7  X  Iff* 


7.9  X  Iff*  -  1.6  X  Iff' 


OVERALL  RANGE  OF  RISKS:  2.7  x  Iff^  - 1.6  3^  Iff* 


EPA('87) 
EPA('91) 


CDHS 


NYSDOH 


4.6  X  Iff' 
2.1  X  Iff' 


2.1  X  Iff' 


6.1  X  Iff' 


2.4  X  10-*  -  6.8  X  Iff* 
1.1  X  Iff*  -  3.1  X  Iff' 


1.1  X  Iff*  -  3.1  X  Iff* 


3.2  X  Iff*  -  9J)  X  Iff* 


OVERALL  RANGE  OF  RISKS:  1.1  x  10"*  -  9.0  x  Iff* 


trom  the  unit  risks  proposed  by  the  agenaes  listed,  txposures  sire  tor 
20  m'  per  day. 


'  these  are  equivalent  potency  tactors  calculated 
adults  only;  assumed  adult  weight  of  70  kg  and 


Recommendation: 

♦    Because  of  the  possibility  of  respiratory  effects  and  risks  in  excess  of  1  x  10^ 
for  typical  personal  exposures,  it  is  recommended  that  formaldehyde  be 
considered  a  candidate  for  reduction  of  exposure. 
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Guiding  Description  to  Figure  4.1.4.4: 


Figure  4.1.4.4  provides  a  graphic  comparison  of  exposures,  exposure  guidelines  and  intakes  associated 
ïoith  inhalation  cancer  risk,  based  on  jig  intakelday  increasing  upwards  on  the  vertical  scale. 

The  middle  section  of  the  figure,  "Exposures",  depicts  the  exposures,  expressed  as  intake/day  (i.e., 
pig/day).  The  exposures  depicted  are:  Outdoor  Air  Quality  -  the  exposure  from  spending  100  %  of 
the  day  outdoors;  Typical  Outdoor  Exposure  -  the  exposure  from  three  hours  only  outdoors, 
provided  for  perspective  on  the  contribution  to  risk  solely  from  contaminants  present  in  outdoor  air; 
Typical  Personal  Exposures  -  the  range  of  exposures  associated  vnth  ten  different  exposure 
scenarios,  combining  periods  of  indoor,  outdoor  and  various  microenvironment  exposures.  Exposure 
scenarios  are  included  for  adults  and  children,  assuming  20  and  5  n^/day  inhalation  rates  respectively. 
Calculations  were  done  to  determine  relative  exposures  of  both  adults  and  children.  The  top  70  %  of 
the  bars  in  the  graph  represents  adult  intakes  while  children's  exposures  were  much  lower  (lower  end 
of  the  bar).  The  exposure  ranges  shown  bracket  the  lowest  mean  to  the  highest  90th  percentile.  For 
perspective  purposes,  the  exposure  of  smokers,  as  a  direct  result  of  smoking  activity,  is  also  depicted  in 
this  sedbn. 

The  left  section  of  the  figure,  "Exposure  Guidelines  ",  expresses  the  various  guidelines  in  terms  of 
calculated  "allowable"  intake  per  day  for  adults  and  children.  Within  each  type  of  guideline  group 
(e.g.,  outdoor  air),  ranges  of  exposure  guidelines  are  indicated  where  available.  Thus,  ranges  of  Air 
Quality  Guidelines  (i.e.,  'Outdoor  Air'),  Occupational  guidelines  (i.e.,  'Workplace  Air'),  and  a 
residential  indoor  air  guideline  (i.e.,'Indoor  Air')  and  chronic  health  effects  based  reference 
concentrations  (i.e.,  'Chronic  AEL')  are  shown.  Comparison  of  "Exposure  Guidelines"  to  "Exposures" 
should  be  done  with  care.  For  example,  occupational  guidelines  are  included  for  perspective  purposes 
only. 

The  right  section  of  the  figure,  "Intakes  Associated  With  Cancer  Risk",  shows  the  intakes  associated 
with  lifetime  cancer  risk.  Ranges  of  carcinogenic  risk  levels  (associated  with  1  x  10^  risk  and  1  x  10* 
risk)  are  depicted. 
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1.4-DICHLOROBENZENE 


1,4-Dichlorobenzene  is  a  solid  at  room  temperature  with  a  strong  odour  resembling 
mothballs.     1,4  -  Dichlorobenzene  does  not  occur  naturally;  most  of  it  enters  the  enviroiunent 
as  a  result  of  moth  repellant  products  and  toilet  deodorizer  blocks.  When  exposed  to  the  air, 
it  readily  sublimes,  so  that  all  of  what  is  produced  is  released  into  the  air,  mostly  in  the 
home. 

Based  on  an  exposure  analysis  and  the  graphic  risk  characterii^ation  (Figure  4.1.4.5), 
the  following  observatioris  and  deductions  can  be  made  concen\ing  l,4-dichlorober\zene: 


1.  The  inhalation  route  generally  exceeds  all  other  exposvire  routes  for  1,4- 
dichlorober\2ene.  Ingestion  and  dermal  exposures  are  generally  several  times 
less  than  inhalation  exposures  although  the  upper  range  of  dermal  exposxires 
overlaps  slightly  with  the  lower  range  of  inhalation  exposures.  Because  of  the 
lipophilic  nature  of  this  substance,  in  some  cases,  dermal  exposure  may  add  to 
the  cancer  risks.  Ingestion  intakes  are  considered  to  be  insignificant. 

2.  All  the  inhalation  exposures  are  less  than  the  range  of  available  chronic 
acceptable  exposure  levels.  Therefore,  the  possibility  of  long  term  health 
effects,  other  than  cancer  risk,  is  unlikely. 

3.  Using  the  various  potencies  from  CDHS  and  MDEP,  the  range  of  risks 
associated  with  outdoor  air  quality  is  7.4  x  10^  and  3.6  x  10"^.  Similarly,  the 
range  of  risks  associated  with  typical  outdoor  exposures  (i.e.,  3  hr)  is  9.4  x  10"^ 
and  4.3  x  10"^,  and  that  for  typical  personal  exposures  is  9.8  x  10*  and  6.2  x  10"*. 
This  range  of  risk  analysis  is  summarized  in  Table  4.1.4.5.  It  should  be  noted 
that  this  risk  characterization  using  cardnogerùc  risk  based  limits  is  based  on 
an  assumed  lifetime  exposure  (24  hours,  every  day,  for  70  years)  and  hence  is 
a  very  coi\servative  assumptiori. 

4.  Exposures,  and  therefore  risks,  associated  with  typical  personal  exposures  are 
higher  than  the  risks  associated  with  outdoor  air  quality  which  in  turn  is  higher 
than  typical  outdoor  exposure. 

5.  1,4-Dichlorobenzene  exposure  from  smoking  is  not  expected  to  be  sigrùiicant. 
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Table  4.1.4.5  Range  of  Inhalation  Cancer  Risks  Associated  with  Estimated  Intakes  of  1,4-Dlchlorobenzene 


RANGE  of  INHALATION  INTAKES 

POTENCY* 

RANGE  of  RISKS 

Environment 

Unit 
(pg/day) 

Unit 
(mg/kg/day) 

Agency 

Unit 
(mg/kg-d)-^ 

OUTDOOR 

AIR 
QUALITY 
(Windsor) 

26-64 

3.7  X  lar*  - 
9.1  X  i(r* 

EPA 

NA 

CDHS 

3.9  X  Iff' 

1.4  X  Iff*  -  3.6  X  Iff^ 

MDEP 

Ï.0  X  Iff' 

7.4  X  Iff*  -  1.8  X  Iff' 

OVERALL  RANGE  OF  RISKS:  7.4  x  10"*  -  3.6  x  Iff' 

TYPICAL 
OUTDOOR 
EXPOSURE 
(i.e.,=  3  hr.) 

3.3-8 

4.7  X  Iff'  - 
1.1  X  Iff* 

EPA 

NA 

CDHS 

3.9  X  Iff' 

1.8  X  Iff*  -  4J  X  Iff* 

MDEP 

2.0  X  10' 

9.4  X  Iff'  -  2^  X  Iff* 

OVERALL  RANGE  OF  RISKS:  9.4  x  lO'^  -  4.3  x  Iff* 

TYPICAL 
PERSONAL 
EXPOSURES 

34  -  1120 

4.9  X  Iff*  - 
16  X  Iff' 

EPA 

NA     • 

' 

CDHS 

3.9  X  Iff' 

1.9  X  Iff'  -  6.2  X  Iff* 

MDEP 

2.0  X  Iff' 

9.8  X  Iff*  -  3.2  X  Iff* 

OVERALL  RANGE  OF  RISKS:  9.8  x  lO"*-  6.2  x  Iff* 

These  are  equivalent  potency  factors  calculated  from  the  unit  risks  proposed  by  the  agencies  listed.  Exposures  are  for 
adults  only;  assumed  adult  weight  of  70  kg  and  20  m^  per  day. 


Recommendations: 

♦    The  US  EPA  is  currently  considering  delisting  1,4-dichlorobenzene  as  a 
carcinogen  and  hence  risk  estimates  in  the  report  may  not  be  significant 
Nevertheless  it  would  be  prudent  to  examine  this  chemical  as  a  possible 
candidate  for  reduction. 
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Guiding  Description  to  Figure  4.1.4.5: 


Figure  4.1.45  provides  a  graphic  comparison  of  exposures,  exposure  guidelines  and  intakes  associated 
xvith  inhalation  cancer  risk,  based  on  fig  intake/day  increasing  upwards  on  the  vertical  scale. 

The  middle  section  of  the  figure,  "Exposures",  depicts  the  exposures,  expressed  as  intake/day  (i.e., 
jig/day).  The  exposures  depicted  are:  Outdoor  Air  Quality  -  the  exposure  from  spending  100  %  of 
the  day  outdoors;  Typical  Outdoor  Exposure  -  the  exposure  pom  three  hours  only  outdoors, 
provided  for  perspective  on  the  contribution  to  risk  solely  from  contaminants  present  in  outdoor  air; 
Typical  Personal  Exposures  -  the  range  of  exposures  associated  with  'personal  activity  patterns' 
combining  periods  of  indoor,  outdoor  and  various  microenvironment  exposures.  (For  this  chemical, 
surrogate  indoor  air  values  were  used  because  of  the  lack  of  Windsor-specific  data.)  Exposure  scenarios 
are  included  for  adults  and  children,  assuming  20  and  5  rr^/day  inhalation  rates  respectively. 
Calculations  were  done  to  determine  relative  exposures  of  both  adults  and  children.  The  top  70  %  of 
the  bars  in  the  graph  represents  adult  intakes  while  children's  exposures  were  much  lower  (lower  end 
of  the  bar).  The  exposure  ranges  shown  bracket  the  lowest  mean  to  the  highest  90th  percentile.  For  the 
'personal  activity  patterns  -  i.e.,  indoors',  the  range  indicates  the  overall  range  of  possible  exposures 
(see  Table  4). 

The  left  section  of  the  figure,  "Exposure  Guidelines",  expresses  the  various  guidelines  in  terms  of 
calculated  "allowable"  intake  per  day  for  adults  and  children.  Within  each  type  of  guideline  group 
(e.g.,  outdoor  air),  ranges  of  exposure  guidelines  are  indicated  where  available.  Thus,  ranges  of  Air 
Quality  Guidelines  (i.e.,  'Outdoor  Air'),  Occupational  guidelines  (i.e.,  'Workplace  Air'),  and  chronic 
health  effects  based  reference  concentration  (i.e.,  'Chronic  AEV)  are  shown.  Comparison  of  "Exposure 
Guidelines"  to  "Exposures"  should  be  done  with  care.  For  example,  occupational  guidelines  are 
included  for  perspective  purposes  only. 

The  right  section  of  the  figure,  "Intakes  Associated  With  Cancer  Risk",  shows  the  intakes  associated 
loith  lifetime  cancer  risk.  Ranges  of  carcinogenic  risk  levels  (associated  vnth  1  x  10^  risk  and  1  x  10^ 
risk)  are  depicted. 


61 


CADMIUM 

Cadmivun  is  a  naturally  occurring  element  present  in  the  earth's  crust.  It  is  a  soft, 
silver-white  metalloid.  Its  elemental  form  is  not  common  in  the  environment.  Rather,  it 
usually  occurs  in  combination  with  other  elements  such  as  oxygen  (cadmium  oxide),  chlorine 
(cadmium  chloride),  or  sulphur  (cadmium  sulphide).  Its  sources  include:  natural  weathering 
of  minerals;  road  dust;  discarded  metal-containing  products;  fossU  fuel  combustion  (i.e.,  coal 
and  residential  burning  of  oil  and  petroleum  products);  incineration;  and  the  iron  and  steel 
industry.  Cigarette  smoke  is  also  a  source  of  cadmium. 

Based  on  an  exposure  analysis  and  the  graphic  risk  characterization  (Figure  4.1.4.6), 
the  following  observations  and  deductions  can  be  made  concerning  cadmium: 

1.  The  ingestion  route  exceeds  all  other  exposure  routes  for  cadmium.  Exposures 
by  inhalation  are  significant  but  considerably  lower.  Only  about  3-7%  of 
ingested  cadmium  is  absorbed  but  even  with  this  low  absorption  of  cadmium, 
ingestion  stiU  remains  the  dominant  route  of  exposure  for  the  non-smoker. 
Dermal  exposure  appears  to  be  least  important  route  of  exposure.  There  is  no 
evidence  to  indicate  that  ingestion  and  dermal  exposure  contribute  to  cancer 
risk. 

2.  AU  the  inhalation  exposures  associated  with  typical  outdoor  exposures  (i.e.,  3  hr) 
and  with  personal  activity  patterns  are  less  than  the  range  of  available  chronic 
acceptable  exposure  levels.  However,  some  of  the  exposures  associated  outdoor 
air  quality  (i.e.,  100%  outdoor  exposure)  faU  in  the  lower  1%  range.  Therefore, 
there  is  a  small  possibility  of  long  term  health  effects  associated  with  outdoor 
air  quality. 

3.  Using  the  various  potencies  from  US  EPA,  CDHS  and  NYSDOH,  the  range  of 
risks  associated  with  outdoor  air  quality  (i.e.  100%  outdoor  exposure)  is  2.9  x  ICT^ 
to  1.7  X  10"^.  Similarly,  the  range  of  risks  associated  with  typical  outdoor 
exposures  (i.e.,  3  hr)  is  3.6  x  10'^  to  2.1  x  ICT*,  and  that  for  typical  personal 
exposures  is  1.1  x  ICT*  to  1.1  x  10'^.  This  range  of  risk  analysis  is  summarized  in 
Table  4.1.4.6.  It  should  be  noted  that  this  risk  characterization  using 
carcinogenic  risk  based  limits  is  based  on  an  assumed  lifetime  exposure  (24 
hours,  every  day,  for  70  years)  and  hence  is  a  very  conservative  assumption. 

4.  Exposures,  and  therefore  risks,  associated  with  typical  personal  exposures  are 
very  similar  to  the  risks  associated  with  outdoor  air  quality  and  are  sUghtly 
higher  than  typical  outdoor  exposures. 

5.  The  outdoor,  commuting  and  tobacco-affected  indoor  environments  are  the 
most  dominant  in  the.  upper  range  of  typical  personal  exposures. 

6.  The  exposure  experienced  by  a  smoker  is  considerably  higher  (associated  risks 
are  between  2.3  x  1(^  and  2.8  x  10'^)  than  any  of  the  exposures  associated  with 
personal  activity  patterns,  outdoor  air  quality  and  typical  outdoor  exposures.  For  a 
smoker,  the  inhalation  exposure  is  dominated  by  the  cadmium  in  cigarettes. 
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Table  4.1.4.6  Range  of  Inhalation  Cancer  Risks  Associated  with  Estimated  Intakes  of  Cadmium 


RANGE  of  INHALATION  INTAKES 

POTENCY» 

RANGE  of  RISKS 

Environment 

Unit 
(jig/day) 

Unit 
{mg/kg/day) 

Agency 

Unit 
(mg/kg-dX^ 

OUTDOOR 

AIR 
QUALITY 
(Windsor) 

32-80 

4.6  X  Iff'  - 
1.1  X  Iff' 

EPA 

6.4 

2.9  X  10-*  -  7J)  X  Iff* 

CDHS 

15.0 

6.9  X  Iff*  -  1.7  X  Iff' 

NYSDOH 

7.1 

33  X  Iff* -7.8x10* 

OVERALL  RANGE  OF  RISKS:  2.9  x  Iff*  -  17^  x  Iff' 

TYPICAL 
OUTDOOR 
EXPOSURE 
(i.e.,=  3  hr.) 

4-10 

5.7  X  lO-*  - 
1.4  X  Iff' 

EPA 

6.4 

3.6  X  Iff'  -  9.0  X  Iff' 

CDHS 

15.0 

8.6  X  Iff'  -  2.1  X  Iff* 

NYSDOH 

7.1 

4.0  X  Iff'  -  9.9  X  Iff' 

OVERALL  RANGE  OF  RISKS:  3.6  x  Iff'  -  il  x  Iff* 

TYPICAL 
PERSONAL 
EXPOSURES 

17S- 
50.3 

2.5  X  Iff'  - 
7.2  X  Iff' 

EPA 

6.4 

1.6  X  Iff*  -  4.6  X  Iff* 

CDHS 

15.0 

3.8  X  Iff*  -  1.1  X  Iff' 

NYSDOH 

7.1 

1.8  X  Iff*  -  5.1  X  Iff* 

OVERALL  RANGE  OF  RISK 

S:  1.6  X  Iff* -  1.1  X  10' 

These  are  equivalent  potency  factors  calculated  from  the  unit  risks  proposed  by  the  agencies  listed.  Exposures  are  for 
adults  only;  assumed  adult  weight  of  70  kg  and  20  m'  per  day. 


Recommendation: 

♦  Because  of  the  possibility  of  long  term  health  effects  and  inhalation  risks  in 
excess  of  1  x  KT*,  it  is  recommended  that  cadmium  be  considered  a  candidate 
for  reduction  of  exposxire. 
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Guiding  Description  to  Figure  4.1.4.6: 


Figure  4.1.4.6  provides  a  graphic  comparison  of  exposures,  exposure  guidelines  and  intakes  associated 
vnth  inhalation  cancer  risk,  based  on  ng  intake/dot/  increasing  upwards  on  the  vertical  scale. 

The  middle  section  of  the  figure,  "Exposures  ",  depicts  the  exposures,  expressed  as  intake/day  (i.e., 
ng/day).  The  exposures  depicted  are:  Outdoor  Air  Quality  -  the  exposure  from  spending  100%  of  the 
day  outdoors;  Typical  Outdoor  Exposure  -  the  exposure  from  three  hours  only  outdoors,  provided 
for  perspective  on  the  contribution  to  risk  solely  from  contaminants  present  in  outdoor  air;  Typical 
Personal  Exposures  -  the  range  of  exposures  associated  luith  ten  different  exposure  scenarios, 
combining  periods  of  indoor,  outdoor  and  various  microenvironment  exposures.  Exposure  scenarios  are 
included  for  adults  and  children,  assuming  20  and  5  m^/day  inhalation  rates  respectively.  Calculations 
were  done  to  determine  relative  exposures  of  both  adults  and  children.  The  top  70  %  of  the  bars  in  the 
graph  represents  adult  intakes  while  children's  exposures  were  much  lower  (lower  end  of  the  bar).  The 
exposure  ranges  shown  bracket  the  lowest  mean  to  the  highest  90th  percentile.  For  perspective 
purposes,  the  exposure  of  smokers,  as  a  direct  result  of  smoking  activity,  is  also  depicted  in  this 
section. 

The  left  section  of  the  figure,  "Exposure  Guidelines  ",  expresses  the  various  guidelines  in  terms  of 
calculated  "allowable"  intake  per  day  for  adults  and  children.  Within  each  type  of  guideline  group 
(e.g.,  outdoor  air),  ranges  of  exposure  guidelines  are  indicated  where  available.  Thus,  ranges  of  Air 
Quality  Guidelines  (i.e.,  'Outdoor  Air"),  Occupational  guidelines  (i.e.,  'Workplace  Air'),  and  chronic 
health  effects  based  reference  concentrations  (i.e.,  'Chronic  AEL')  are  shown.  The  existing  MOEE 
guideline  for  cadmium  is  also  shown  as  a  horizontal  bar.  Comparison  of  "Exposure  Guidelines  "  to 
"Exposures  "  should  be  done  vrith  care.  For  example,  occupational  guidelines  are  included  for 
perspective  purposes  only. 

The  right  section  of  the  figure,  "Intakes  Associated  With  Cancer  Risk",  shows  the  intakes  associated 
with  lifetime  cancer  risk.  Ranges  of  carcinogenic  risk  levels  (associated  with  1  x  l(f^  risk  and  1  x  W^ 
risk)  are  depicted. 
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CHROMIUM 


Chromiuin  is  a  naturally  occurring  metallic  element.  It  is  present  in  the  environment 
in  several  different  forms,  the  most  common  forms  being  the  metal  (chromium  0),  chromium 
in,  and  chromium  VI.  Chromium  VI,  or  hexavalent  chromium,  is  the  most  important 
toxicologicaUy.  Its  main  sources  are:  fuel  combustion;  chromium  plating;  the  steel  and 
automotive  industries;  metal  fabricators;  and  mobile  sources. 

Based  on  an  exposure  analysis  and  the  graphic  risk  characterization  (Figure  4.1.4.7), 
the  following  observations  and  deductions  can  be  made  concerning  chromium: 


1.  The  ingestion  route  exceeds  aU  other  exposure  routes  for  chromium.  Dermal 
exposure  appears  to  be  next  in  importance,  with  inhalation  exposure  the 
lowest  for  a  non-smoker.  Ingestion  and  dermal  exposures  are  not  associated 
with  carcinogenic  effects  and  are  below  acceptable  chronic  exposure  levels. 

2.  AU  the  inhalation  exposvires  associated  with  typical  outdoor  exposures  (i.e.,  3  hr) 
are  less  than  the  chronic  acceptable  exposure  level.  However,  some  of  the 
exposures  associated  with  outdoor  air  quality  (i.e.,  100%  outdoor  exposure)  and 
with  personal  activity  patterns  exceed  this  chronic  acceptable  exposure  level. 
Therefore,  there  is  a  possibility  of  long  term  health  effects  associated  with  the 
inhalation  exposures  exceeding  the  chronic  acceptable  exposure  level. 

3.  Using  the  various  potencies  from  US  EPA,  CDHS  and  WHO,  including  the 
upper  and  lower  limit  potency  estimates  from  US  EPA,  the  range  of  risks 
associated  with  outdoor  air  quality  (i.e.,  100%  outdoor  exposure)  is  between  3.6  x 
ICT*  and  5.5  x  10^.  Similarly  the  range  of  risks  associated  with  typical  outdoor 
exposures  (i.e.,  3  hr)  is  4.6  x  10"^  to  7.0  x  10"^,  and  that  for  typical  personal 
exposures  is  1.4  x  ICT*  to  3.0  x  10"*.  This  range  of  risk  analysis  is  summarized  in 
Table  4.1.4.7.  It  should  be  noted  that  this  risk  characterization  using 
carcinogenic  risk  based  limits  is  based  on  an  assumed  lifetime  exposure  (24 
hours,  every  day,  for  70  years)  and  hence  is  a  very  coriservative  assumption. 

4.  Exposures  and  therefore  risks  associated  with  typical  personal  exposures  and  the 
risks  associated  with  outdoor  air  quality  are  similar  and  are  slightly  higher  than 
the  risks  associated  with  typical  outdoor  exposures. 

5.  The  outdoor,  commuting  and  tobacco  smoke-affected  envirorunents  dominate 
the  upper  range  of  typical  personal  exposures. 

6.  The  exposure  of  a  smoker  is  considerably  higher  (associated  risks  are  between 
1.4  X  10'^  and  1.7  x  10'^)  than  exposures  associated  with  personal  activity 
patterns,  outdoor  air  quality  and  typical  outdoor  exposures. 
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Table  4.1.4.7  Range  of  Inhalation  Cancer  Risks  Associated  with  Estimated  Intakes  of  Chromium  VI 


KANGE  of  INHALATICW  INTAKES 

FOTENCV 

RANGE  Of  RISKS 

EnviiDnment 

Unit 
fng/day) 

Unit 
(mg/kg/day) 

Agency 

Unit 
<mg/kg-dr' 

OUTDOOR  Am 
QUALITY 
(Windsor) 

24-80 

3.4  X  Iff'  - 
1.1  X  Iff* 

EPA 

41 

l/lxlff'-tSxlff' 

EPA  (Lower  Limit) 

10.7 

3.6x10* -1.2x10* 

EPA 
(Upper  Limit) 

303 

IJ)  X  Iff*  -  3J  X  10* 

CDHS 

SCO 

1.7  X  10*  -  5.5  X  10* 

WHO 

143 

4.9  X  10*  -  1.6  X  10* 

OVERALL  RANGE  OF  RISKS:  3.6  x  KT*  -  SS  x  W 

TYPICAL 
OUTDOOR 
EXPOSURE 
(i.e./.  3  ht) 

3-10 

43x10*- 
1.4  X  Iff' 

EPA 

41 

1.8  X  10*  -  S.7  X  Iff* 

EPA  (Lower  Limit) 

10.7 

4.6x10^-1.5x10* 

EPA  (Upper  Limit) 

303 

1 J  X  10-  .  4.2  X  Iff* 

CDHS 

500 

2^x^-7.0x10^ 

WHO 

143 

6.1  X  10*- 2.0x10* 

OVERALL  RANGE  OF  RISKS:  4.6  x  Iff'  -  7.0  x  10* 

TYPICAL 
PERSONAL 
EXPOSURES 

9  -42 

1 J  X  Iff'  - 
6J)  X  Iff' 

EPA 

41 

5Jxlff*-2.5xlff* 

EPA  (Lower  Limit) 

ia7 

1.4  X  Iff*  -  6.4  X  Iff* 

EPA 
(Upper  Limit) 

303 

3.9  X  Iff*  -  18  X  10* 

CDHS 

500 

6  J  X  lO*  -  3.0  X  10* 

WHO 

143 

1.9  X  Iff*  -  a9  X  Iff* 

OVERALL  RANGE  OF  RISKS:  14  X  Iff*  -  3J)  X  W 

'  inese  are  equivalent  potency  factors  calcuiatea  trom  tne  unit  risits  proposea  Dy  tne  agenaes  listed,  txposuies  are  for 
adults  only;  assumed  adult  weight  of  70  kg  and  20  m'  per  day. 
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Recommendation: 


Because  of  the  possibility  of  long  term  health  effects  and  inhalation 
risks  which  exceed  the  1  x  lO^*  level,  it  is  recommended  that  chromiimi 
VI  should  be  considered  a  candidate  for  reduction  of  exposure. 
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Guiding  Description  to  Figure  4.1.4.7: 


Figure  4.1.4.7  provides  a  graphic  œmparison  of  exposures,  exposure  guidelines  and  intakes  associated 
with  inhalation  cancer  risk,  based  on  ng  of  hexavalent  chromium  intake/day  increasing  upwards  on  the 
vertical  scale. 

The  middle  section  of  the  figure,  "Exposures",  depicts  the  exposures,  expressed  as  intake/day  (i.e., 
ng/day).  The  exposures  depicted  are:  Outdoor  Air  Quality  -  the  exposure  from  spending  100  %  of 
the  day  outdoors;  Typical  Outdoor  Exposure  -  the  exposure  from  three  hours  only  outdoors, 
provided  for  perspective  on  the  contribution  to  risk  solely  from  contaminants  present  in  outdoor  air; 
Typical  Personal  Exposures  -  the  range  of  exposures  associated  vnth  ten  different  exposure 
scenarios,  combining  periods  of  indoor,  outdoor  and  various  microenvironment  exposures.  Exposure   ■ 
scenarios  are  included  for  adults  and  children,  assuming  20  and  5  nâ/day  inhalation  rates  respectively. 
Calculations  were  done  to  determine  relative  exposures  of  both  adults  and  children.  The  top  70  %  of 
the  bars  in  the  graph  represents  adult  intakes  while  children's  exposures  were  much  lower  (lower  end 
of  the  bar).  The  exposure  ranges  shown  bracket  the  lowest  mean  to  the  highest  90th  percentile.  For 
perspective  purposes,  the  exposure  of  smokers,  as  a  direct  result  of  smoking  activity,  is  also  depicted  in 
this  section. 

The  left  section  of  the  figure,  "Exposure  Guidelines  ",  expresses  the  various  guidelines  in  terms  of 
calculated  "allowable"  intake  per  day  for  adults  and  children.  Within  each  type  of  guideline  group 
(e.g.,  outdoor  air),  ranges  of  exposure  guidelines  are  indicated  where  available.  Thus,  ranges  of  Air 
Quality  Guidelines  (i.e.,  'Outdoor  Air'),  Occupational  guidelines  (i.e.,  "Workplace  Air'),  and  a  chronic 
health  effects  based  reference  concentration  (i.e.,  'Chronic  AEV;  only  one  available)  are  shown.  The 
MOEE  guideline,  which  includes  all  forms  (i.e.,  di-,  tri-,  and  hexavalent)  is  shown  with  a  small 
horizontal  bar.  Comparison  of  "Exposure  Guidelines"  to  "Exposures"  should  be  done  vnth  care.  For 
example,  occupational  guidelines  are  included  for  perspective  purposes  only. 

The  right  section  of  the  figure,  "Intakes  Associated  With  Cancer  Risk",  shows  the  intakes  associated 
vnth  lifetime  cancer  risk.  Ranges  of  carcinogenic  risk  levels  (associated  with  1  x  l(f  risk  and  1  x  10^ 
risk)  are  depicted. 
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POLYCYCLIC  AROMATIC  HYDROCARBONS  (PAHs) 

Polycyclic  aromatic  hydrocarbons  (PAHs),  refer  to  a  large  group  of  chemical 
compounds  with  a  related  structure:  aromatic  or  benzene-like  rings  fused  together  in 
different  configurations.  Hundreds  of  these  compounds  may  exist.   PAHs  always  occur  as 
complex  mixtures  in  the  environment  as  a  result  of  natural  and  anthropogenic  combustion 
processes.  The  main  anthropogeruc  sources  of  PAHs  are  as  by-products  of  combustion  of  oil, 
gas,  coal,  wood,  diesel  fuel,  and  gasoline.  Some  important  sources  include:  residential  wood 
burning;  automobile  exhaust;  coking  (steel),  coal  tar,  aluminum,  and  asphalt  production 
plants;  smoke  houses;  coal-tarring  activities;  and  mvmicipal  trash  incinerators.  Tobacco  smoke, 
and  grilled/charred  meat  can  also  be  significant  sources  of  PAHs.  In  the  air,  PAHs  generally 
occur  adsorbed  onto  particulates. 

Because  of  the  many  sources  of  non-imiform  data  for  PAHs  and  B(a)P,  it  was 
necessary  to  provide  intakes  in  terms  of:  B(a)P  itself;  as  B(a)P  equivalents;  or  as  'carcinogenic 
PAHs'.   Almost  all  guidelines  available  for  assessing  PAHs  are  given  in  terms  of  B(a)P. 
Based  on  an  exposure  analysis  and  the  graphic  risk  characterization  (Figure  4.1.4.8),  the 
following  observations  and  deductions  can  be  made  concerning  PAHs: 

1.  Ingestion  is  the  primary  route  of  exposvue  for  both  B(a)P  and  PAHs. 
Furthermore,  for  heavy  meat  diets,  the  ingestion  exposure  route  is  even  more 
dominant.  Inhalation  appears  to  be  the  next  most  important  route  and  is 
similar  to  dermal  exposure.  For  average  diets,  ingestion  and  dermal  exposures 
are  slightly  above  a  risk  of  1  x  10'^.   For  meat-heavy  diets,  risks  can  reach  1  x 

2.  Since  no  chronic  acceptable  exposure  levels  are  available,  no  conclusions 
regarding  possible  non-cancer  chronic  effects  can  be  deduced. 

3.  The  inhalation  intakes  for  adults  associated  with  outdoor  air  quality  (i.e.,  100% 
outdoor  exposure),  typical  outdoor  exposure  (i.e.,  3  hr)  and  typical  personal 
exposures  (in  this  case  based  on  surrogate  indoor  air  data  since  Windsor-specific 
data  were  not  available),  expressed  in  various  ways  (i.e.,  as  B(a)P,  'carcinogenic 
PAH')  are  summarized  in  Table  4.1.4.8.  Using  the  various  methods  defined  in 
the  table,  and  the  various  potencies  from  the  three  agencies,  the  range  of  risks 
associated  with  outdoor  air  quality  (i.e.,  100%  outdoor  exposure)  is  between  3.6  x 
10"^  and  2.0  x  10'^.  Similarly  the  range  of  risks  associated  with  typical  outdoor 
exposures  (i.e.,  3  hr)  is  between  4.7  x  10"*  and  2.5  x  10"*,  and  that  for  typical 
personal  exposures,  5.2  x  10"^  to  1.4  x  10^. 

4.  Exposures  and  therefore  risks  associated  with  typical  personal  exposures  (i.e., 
indoor  values)  are  sUghtly  higher  than  the  risks  associated  with  outdoor  air 
quality,  which  in  turn  is  higher  than  typical  outdoor  exposures.  The  risk  estimate 
for  typical  personal  exposures,  based  on  surrogate  indoor  values,  is  based  on 
100%  indoor  exposure  and  is  therefore  a  worst  case  estimate.  (See  Table 
4.1.4.8.)  The  risk  characterization,  using  carcinogenic  risk  based  limits,  is  based 
on  an  assumed  lifetime  exposure  (24  hours,  every  day,  for  70  years)  and  hence 
very  conservative. 
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5.    The  exposiire  that  a  smoker  experiences  is  considerably  higher  than  any  of  the 
exposures  associated  with  personal  activity  patterns,  outdoor  air  quality  and 
typical  outdoor  exposures. 

Table  4.1.4.8  Range  of  Inhalation  Cancer  Risks  Associated  with  Estimated  Intakes  of  PAHs 


RANGE  of  INHAIATION  INTAKES 

POTENCY  <a) 

RANGE  Of  RISKS 

EayiionmeTTt 

Method 
(b) 

Unit 
(ng/day) 

Unh 
(mg/kg/day) 

Agency 

Unit 
(mg/Vg-d)' 

OUTDOOR 

Am 

QUALITY 
(Windsort 

#1(0 

14-74 

2  X  10-'  - 
1.1  X  10* 

CDHS 
NJDEP 

6.1 

1.2xl(r*-«.7xl(r* 

NYSDOH 

13 

3.6  X  10-'  -  2.0  X  iir* 

OUTDOOR 

AIR 
QUALITY 
(Windsori 

»2(d) 

32-228 

4.6  X  la'  - 
S3  xitr* 

CDHS 

NJDEP 

6.3 

2.8  X  10-*  -  2.0  X  i(r* 

NYSDOH 

1.8 

83  X  10-'  -  &9  X  10* 

OVERALL  RANGE  OF  RISKS  (Method»  #1  &  2): 
3.6  x  30"'  -  ZO  X  Iff* 

TYPICAL 
OUTDOOR 
EXPOSURE 
(i.e.  -  3  hr.) 

tl(c) 

1.8-93 

2.6  X  lO-*  - 

1 J  X  la' 

CDHS 
NJDEP 

6.1 

3.6  X  10-'  -  7.9  X  10-' 

NYSDOH 

1.8 

4.7  X  10-*  -  Z3  X  la' 

TYPICAL 
OUTDOOR 
EXPOSURE 
(Le.  -  3  hr.) 

«2(d) 

4-28.5 

5.7  X  iir*  - 
4.1  X  la' 

CDHS 

NJDEP 

6.1 

3J  X  10-'  -  2.5  X  Iff* 

NYSDOH 

1.8 

IJ)  X  10'  -  7.4  X  W 

OVERALL  RANGE  OF  RISKS  (Methods  #  1  &  2): 
4.7  X  ir*  -  is  X  Ifl* 

TYPICAL 

PERSONAL 

EXPOSURES 

(  based  on 

surrogate  indoor 

data) 

i2(e) 

20  -  1600 

2.9  X  la'  - 

22.9x10-' 

CDHS 
NJDEP 

6.1 

13  X 10-*  - 1.4 1  icr" 

NYSDOH 

1.8 

SJ  X  10-'  -  4.1  X  10* 

OVERALL  RANGE  OF  RISKS:  sa  x  30"  -  L4  x  10^ 

NOTES  TO  THE  TABLE 

(a)  These  are  equivalent  potency  factors  calculated  from  the  unit  risks  proposed  by  the  agencies  listed;  exposures  are  for  adults  orUy,  assuming  an  aduJt 
weight  of  70  kg  and  20  m^  per  day. 

(b)  This  column  gives  the  method  used  and  the  B(a)P  or  PAH  data  used  to  develop  the  estimates. 


(0 


Method  #  1:  the  B(a)P  TEF  approach,  described  in  Appendix  8,  Section  3.1.1,  Approach  '(!)'  with  Intake  data  taken  from  Table  2-a, 


(d)  Method  ff  2:  Total  carcinogenic  PAH'  method  (B{a)P  concentrations  multiplied  by  a  factor  of  10)  described  in  Appendix  8,  Section  3.1.1,  Approach 
'(2)'  with  intake  data  is  based  on  the  'Cardnogenic  PAH'  section  of  Table  2h. 

(e)  Method  ff  2:  Total  carcinogenic  PAH'  method;  data  for  typical  personal  exposure  intakes  (based  on  sunx>gate  Indoor  data)  taken  from  Appendix  8 
Table  4,  with  B(a)P  concentrations  multiplied  by  a  factor  of  10. 
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Recommendation: 

♦     Since  the  levels  of  inhalation  risk  exceed  1  x  10"*,  a  level  generally  deemed 
to  be  negligible,  it  is  recommended  that  PAHs  be  considered  candidates  for 
reduction  of  exposure. 
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Guiding  Description  to  Figure  4.1.4.8: 


Figure  4.1.4.8  provides  a  graphic  comparison  of  exposures,  exposure  guidelines  and  intakes  associated  with 
inhalation  cancer  risk,  based  on  ng  intake/day  inaeasing  upwards  on  the  vertical  scale. 

The  middle  section  of  the  figure,  "Exposures",  depicts  the  exposures,  expressed  as  intake/day  (i.e.,  ngjday).  The 
exposures  depicted  are:  Outdoor  Air  Quality  -  the  exposure  from  spending  100%  of  the  day  outdoors;  Typical 
Outdoor  Exposure  -  the  exposure  from  three  hours  only  outdoors,  provided  for  perspective  on  the  contribution 
to  risk  solely  from  contaminants  present  in  outdoor  air;  Typical  Personal  Exposures  -  the  range  of  exposures 
associated  with  personal  activity  patterns,  combining  periods  of  indoor,  outdoor  and  various  microenvironment 
exposures.  (For  PAHs,  surrogate  indoor  air  values  were  used  because  Windsor-specific  data  were  not  available.) 
Exposure  scenarios,  are  included  for  adults  and  children,  assuming  20  and  5  n^/day  inhalation  rates  respectively. 
Calculations  were  done  to  determine  relative  exposures  of  both  adults  and  children.  The  top  70  %  of  the  bars  in 
the  graph  represents  adult  intakes  while  children's  exposures  were  much  lower  (lower  end  of  the  bar).  The 
exposure  ranges  shown  bracket  the  lowest  mean  to  the  highest  90th  percentile.  For  perspective  purposes,  the 
exposure  of  smokers,  as  a  direct  result  of  smoking  activity,  is  abo  depicted  in  this  section. 

For  outdoor  air  quality  and  for  typical  outdoor  exposures  (i.e.,  3hr)  two  sets  of  ranges  are  shown  side  by  side. 
The  first  bar  in  each  set  is  for  B(a)P  only.  The  second  bar  in  each  set  (i.e.,  labelled  on  the  bottom  of  the  bars  with 
"E")  is  for  B(a)P  equivalents.  In  both  sets  (i.e.,  all  4  bars),  the  ranges  shown  bracket  the  lowest  mean  and  the 
highest  90th  percentile.  For  personal  activity  patterns,  which  are  represented  by  surrogate  indoor  air  values,  the 
range  indicates  the  overall  range  of  possible  exposures. 

Above  some  of  the  bars  is  a  horizontal  line  labelled  "C"  PAH.  These  represent  likely  upper  bounds  for 
'carcinogenic'  PAHs  obtained  by  multiplying  the  B(a)P  concentrations  by  10  or  by  using  the  total  carcinogenic 
PAHs  from  the  available  data.  These  illustrate  the  range  of  risks  calculated  in  Table  4.1.4.8. 

The  left  section  of  the  figure,  "Exposure  Guidelines",  expresses  the  various  guidelines  in  terms  of  calculated 
"allowable"  intake  per  day  for  adults  and  children.  Within  each  type  of  guideline  group  (e.g.,  outdoor  air),  ranges 
of  exposure  guidelines  are  indicated  where  available.  Thus,  ranges  of  Air  Quality  Guidelines  (i.e.,  'Outdoor  Air') 
and  Occupational  guidelines  (i.e.,  'Workplace  Air')  are  shown.  The  horizontal  line  across  the  'Outdoor  Air'  bar 
represents  the  Ontario  guideline.  Comparison  of  "Exposure  Guidelines"  to  "Exposures"  should  be  done  with 
care.  For  example,  occupational  guidelines  are  included  for  perspective  purposes  only. 

The  right  section  of  the  figure,  "Intakes  Associated  With  Cancer  Risk",  shows  the  intakes  associated  with  lifetime 
cancer  risk.  Ranges  of  carcinogenic  risk  leveb  (associated  with  1  x  KT^  risk  and  1  x  l(ï^  risk)  are  depicted. 
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DIOXINS/FURANS 


Poly  chlorinated  dibenzo-p-dioxins  (or,  simply  "dioxins")  and  polychlorinated 
dibenzofurans  (or,  "furans")  are  two  large  families  of  chlorinated  tricyclic  aromatic 
compounds.  Similar  in  chemical  structure  and  biological  properties,  they  usually  occur 
together  in  the  environment  as  complex  mixtures.  Of  the  75  possible  dioxin  isomers  and  135 
possible  furan  isomers,  only  17  are  considered  to  pose  a  major  health  risk.  23,7,8- 
Tetrachlorodibenzo-p-dioxin  (TCDD)  is  the  most  toxic  member  of  the  dioxin  fanùly. 

Dioxins  and  furans  are  imwanted  by-products  of  a  number  of  manufacturing  and 
incineration  processes.  Some  important  sources  include:  chlorine  bleaching  of  pulp  and  paper; 
manufacture  of  phenoxy  herbicides  and  pentachlorophenol  wood  preservatives;  incineration 
of  murùdpal,  biological  and  industrial  wastes;  wood  combustion;  and  motor  vehicle 
emissions. 

Based  on  the  tabular  analysis  and  the  graphic  risk  characterization  (Figure  4.1.4.9),  the 
following  observations  and  deductions  can  be  made  concerning  dioxins  and  furans: 

1.  Ingestion  is  the  predominant  exposure  route  for  dioxins  and  furar\s,  followed 
by  inhalation,  with  the  dermal  route  of  least  importance.  Total  ingestion 
exposures  for  adults  and  children  (i.e.,  30  -163  pg  TEQ/day  are  well  below  the 
total  tolerable  daily  intake.  Dermal  exposures  (i.e.,  0.011  -  0.44  pg  TEQ/day) 
represent  a  negligible  (i.e.  =  0.1  %)  contribution  to  the  TDI. 

2.  For  a  smoker,  inhalation  exposure  is  dominated  by  the  dioxins  in  cigarettes. 
Based  on  recent  data,  the  dioxins  and  furans  in  cigarettes  may  be  10  times 
lower  than  the  estimates  in  this  report. 

3.  In  terms  of  comparison  to  the  Tolerable  Daily  Intake  (TDI)  'allowed'  from  all 
exposure  pathways,  the  contribution  associated  with  outdoor  air  quality 
exposure,  typical  outdoor  exposures  and  personal  activity  patterns  are  1.3,  0.2 
and  0.9  %  of  the  TDI,  respectively.  These  percentages  are  based  on  the  highest 
estimated  exposure  values.  Long  term  health  effects  from  these  exposures  is 
considered  to  be  unlikely. 

4.  The  combined  exposures  from  inhalation,  ingestion  and  skin  absorption  is  less 
than  25%  of  the  TDI.  Therefore,  long  term  health  effects  as  a  result  of 
exposures  to  dioxins  and  furans  are  unlikely. 


Recommendation: 

♦     While  long-term  health  effects  from  exposure  to  dioxins  and  furans  are 
considered  to  be  unlikely,  efforts  should  continue  to  reduce  emissions 
because  of  their  persistence  and  ability  to  bioaccumulate. 
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Guiding  Description  to  Figure  4.1.4.9: 


Figure  4.1.4.9  provides  a  graphic  œmparison  of  exposures,  exposure  guidelines  hosed  on  pg  (or  pg  of 
TEQ)  intakelday  increasing  upwards  on  the  vertical  scale. 

The  middle  section  of  the  figure,  "Exposures  ",  depicts  the  exposures,  expressed  as  intake! day  d-e.,  pg 
TEQ/day).  The  exposures  depicted  are:  Outdoor  Air  Quality  -  the  exposure  from  spending  100%  of 
the  day  outdoors;  Typical  Outdoor  Exposure  -  the  exposure  from  three  hours  only  outdoors, 
provided  for  perspective  on  the  contribution  to  risk  solely  from  contaminants  present  in  outdoor  air; 
Typical  Personal  Exposures  -  the  range  of  exposures  associated  ivith  personal  activity  patterns.  For 
dioxins  and  furans,  surrogate  indoor  air  values  were  used  because  of  the  lack  of  Windsor-specific  data. 
It  should  he  noted  here  that  since  24  hour  exposures  were  assumed  when  using  these  surrogate  indoor 
air  concentrations,  these  estimates  provide  a  worst  case  representation  of  typical  personal  exposures. 
Exposure  scenarios  are  included  for  adults  and  children,  assuming  20  and  5  n^/day  inhalation  rates 
respectively.  For  outdoor  air  quality  and  typical  outdoor  exposures,  the  exposure  ranges  shown  bracket 
the  lowest  mean  to  the  highest  90th  percentile.  For  personal  activity  patterns,  the  range  indicates  the 
overall  range  of  possible  exposures.  For  perspective  purposes,  the  exposure  of  smokers,  as  a  direct  result 
of  smoking  activity,  is  also  depicted  in  this  section. 

The  left  section  of  the  figure,  "Exposure  Guidelines",  expresses  the  various  guidelines  in  terms  of 
calculated  "allowable"  intake  per  day  for  adults  and  children.  Within  each  type  of  guideline  group 
(e.g.,  outdoor  air),  ranges  of  exposure  guidelines  are  indicated  where  available.  Thus,  ranges  of  Air 
Quality  Guidelines  (i.e.,  'Outdoor  Aif),  and  the  Tolerable  Daily  Intake  (TDI)  'allowed'  from  all 
exposure  pathways  are  shown.   The  proposed  interim  MOEE  air  guideline,  expressed  for  the  purposes 
of  the  figure  as  intake/day,  is  also  shown  as  a  horizontal  bar. 
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MERCURY 


Mercury  is  ubiquitous  in  the  environment.  It  is  found  in  three  valence  states:  metallic 
or  elemental  mercury  (Hg°)/  mercurous  mercury  (Hg*0  and  mercuric  mercury(Hg*^).  In  the 
metallic  form,  mercury  is  a  shiny,  silver-white  liquid.  It  can  combine  with  other  elements, 
such  as  chlorine,  carbon,  or  oxygen,  to  form  nnercury  compounds.  These  compounds  are 
called  "orgaruc  mercury"  if  they  contain  carbon;  one  such  compound,  methyknercury,  is  of 
particular  concern  because  it  can  build  up  (bioaccumulate)  in  fish. 

Mercury  is  released  to  envirorvment  from  both  natural  and  anthropogenic  sources. 
Mercury  is  found  in  aU  classes  of  rocks  and  released  into  the  environment  through 
weathering.  Other  sources  include:  the  combustion  of  fossil  fuels  (primarily  coal);  chlorine- 
alkali  manufacturing  facilities;  copper  and  zinc  smelting  operations;  paint  applications;  waste 
oil  combustion;  and  municipal  and  medical  waste  incineration.  The  major  source  of 
atmospheric  mercury  is  from  long  range  transport. 

Based  on  the  tabular  analysis  and  the  graphic  risk  characterization  (Figure  4.1.4.10), 
the  following  observations  and  deductions  can  be  made  concerning  mercury: 


Ingestion  is  the  predominant  exposure  route  for  mercury,  except  for  people 
with  dental  amalgams,  followed  by  inhalation  and  skin  absorption. 

Figure  4.1.4.10  indicates  that  aU  inhalation  exposures  are  less  than  the  chronic 
acceptable  exposure  levels /reference  concentrations  proposed  for  mercury  by 
US  EPA,  CAPCOA,  and  NYSDEC  (i.e.,  6  pg/day  for  metaUic,  total  or 
inorganic  mercury).  Therefore  long  term  health  effects  are  considered  unlikely. 

According  to  the  WHO,  dental  amalgams  account  for  the  major  background 
intake  of  mercury  vapour.  The  exposure  contribution  from  dental  amalgams 
exceeds  all  other  inhalation  routes,  and  even  the  ingestion  route. 

Total  ingestion  exposures  for  adults  (i.e.,  9.6  pg/day)  are  below  the  AEL/RfD 
ingestion  guidelines  of  US  EPA  and  CAPCOA  (21  pg/day).  Therefore,  chronic 
health  effects  from  these  ingestion  exposures  are  considered  unlikely. 


Recommendation: 

♦     While  long  term  health  effects  from  exposure  to  current  levels  of  mercury 
are  unlikely,  consideration  should  be  given  to  reducing  emissions  where 
possible  because  of  the  bioacciunulative  properties  of  this  chemical. 
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Guiding  Description  to  Figure  4.1.4.10: 


Figure  4.1.4.10  provides  a  graphic  œmparison  of  exposures  and  exposure  guidelines  based  on  }ig 
intake/day  increasing  upwards  on  the  vertical  scale. 

The  middle  section  of  the  figure,  "Exposures",  depicts  the  exposures,  expressed  as  intake/day  (i.e., 
]iglday).  The  exposures  depicted  are:  Outdoor  Air  Quality  -  the  exposure  from  spending  100%  of  the 
day  outdoors;  Typical  Outdoor  Exposure  -  the  exposure  from  three  hours  only  outdoors,  provided 
for  perspective  on  the  contribution  to  risk  solely  from  contaminants  present  in  outdoor  air;  Typical 
Personal  Exposures  -  the  range  of  exposures  associated  with  personal  activity  patterns.  (This  was  not 
addressed  since  no  data  were  available  from  Windsor  and  appropriate  surrogate  values  were  not 
found.)  Exposure  scenarios  are  included  for  adults  and  children,  assuming  20  and  5  n^/day  inhalation 
rates  respectively.  Calculations  were  done  to  determine  relative  exposures  of  both  adults  and  children. 
The  top  70  %  of  the  bars  in  the  graph  represents  adult  intakes  while  children's  exposures  were  much 
lower  (lower  end  of  the  bar).  The  exposure  ranges  shown  bracket  the  lowest  mean  to  the  highest  90th 
percentile;  the  personal  activity  patterns  area  is  left  blank  since  no  data  were  available.  For  perspective 
purposes,  the  exposures  attributed  to  dental  amalgams  are  also  depicted  in  this  section. 

The  left  section  of  the  figure,  "Exposure  Guidelines  ",  expresses  the  various  guidelines  in  terms  of 
calculated  "allowable"  intake  per  day  for  adults  and  children.  Within  each  type  of  guideline  group 
(e.g.,  outdoor  air),  ranges  of  exposure  guidelines  are  indicated  where  available.  Thus,  ranges  of  Air 
Quality  Guidelines  (i.e.,  'Outdoor  Air'),  Occupational  guidelines  (i.e.,  'Workplace  Air'),  and  ranges  of 
chronic  health  effects  based  reference  concentrations  (i.e.,  'Chronic  RfC/  AEL')  are  shown.  The  existing 
MOEE  guideline  for  mercury  is  also  shown  as  a  horizontal  bar.  Comparison  of  "Exposure  Guidelines" 
to  "Exposures"  should  be  done  with  care.  For  example,  occupational  guidelines  are  included  for 
perspective  purposes  only. 
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4.2  RELATIVE  CONTRIBUTION  OF  OTHER  EXPOSURE  ROUTES  TO  HEALTH  RISKS 

In  this  section,  the  primary  and  secondary  routes  of  exposure  are  identified  and  their 
respective  contributions  to  health  risks  described,  based  on  the  ar\alyses  in  Appendices  1  -  10. 
The  relative  contribution  of  smoking  is  also  discussed. 

4.2.1.  Primary  and  Secondary  Routes  of  Exposure  and  Contribution  to  Health  Risks: 

For  perspective  purposes,  this  study  examined  ingestion  and  dermal  exposures  for 
ten  substances  (Appendices  1-10).  This  was  limited  to  the  ten  focus  list  substances  because  of 
the  extensive  data  requirements  of  the  analysis.   The  primary  and  secondary  routes  of 
exposure  are  presented  in  Table  4.2.1,  together  with  information  on  the  carcinogenicity  of  the 
substances  via  the  different  routes  of  exposure. 


Table  4.2.1   Primary  and  Secondary  Routes  of  Exposure  Associated  with  the  High  Risk  Pollutants  In 
Windsor  and  Carcinogenicity  by  Route  of  Exposure 


POLLUTANT 

PRIMARY  ROUTE 
Of  EXPOSURE 

SECONDARY  ROUTES 

Of  EXPOSURE 

(Descending  order) 

Benzene 

INHALATION   (C) 

INGESTION  (O  =  DERMAL  (C) 

1,3  -  Butadiene 

INHALATION   (C) 

'DERMAL  (INA)  >  «INGESTION  (INA) 

Carbon  Tetrachloride 

INHALATION   (O 

INGESTION  (C)  >  DERMAL  (C) 

Formaldehyde 

INGESTION        (CQ) 

INHALATION  (O  >  DERMAL  (INA) 

1,4  -  Dichlorobenzene 

INHALATION   (C) 

DERMAL  (C)  >  INGESTION  (C) 

Cadmium 

INGESTION         (NO 

INHALATION  (C)  >  DERMAL  (NO 

Chromium  VI 

INGESTION       (NO 

DERMAL  (NO  >  INHALATION  (C) 

PAHs 

INGESTION       (O 

INHALATION  (O  =  DERMAL  (O 

Dioxins/Fuians 

INGESTION       (O 

INHALATION  (C)  >  DERMAL  (O 

Mercury 

INGESTION       (NO 

INHALATION  (NO  >  DERMAL  (NO 

Key  to  lable: 

*contnbutioi 

\  deemed  insigmticant  by  this  route 

C  -  Carcinogenic  by  this  route 

NC  -  Non-Candnogenic  by  this  route 

INA  -  Information  Not  Available  regarding  carcinogenicity  by  this  route 

CQ  -  Carcinogenicity  Questionable  by  this  route 
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Deductions  regarding  the  substances  for  which  there  may  be  contributions  to  health 
risk  from  the  ingestion  or  dermal  routes  are  summarized  in  Table  4.2.2. 

Table  4.2.2  Relative  Contributions  of  Ingestion  and  Derma!  Exposure  Routes 


SUBSTANCE 

Importance  of 
Ingestion  /Dermal 
Route  Relative  to 
Inhalation 

Contribution  of 
Ingestion  /  Dermal 
Routes  to 
Carcinogenic  Risk 

Contribution  of 
Ingestion  /  Dermal 
Routes  to  Non- 
Carcinogenic  Risk 

l^Butadiene 

Ingestion/dermal 
routes  contribute  50  to 
1000  times  less 

May  be  some 
contribution  but  no 
dermal  cancer  potency 
factor  is  available  to 
allow  evaluation 

No  Reference  Dose 
(RfD)  available  to 
allow  evaluation 

Carbon 
tetrachloride 

Several  times  lower  if 
intake  from  food  is 
assumed  to  be  average 

Using  average 
ingestion,  intake  risk  is 
=  1  X  10-5 

n.a. 

1,4- 
Dichlorobenzene 

Upper  range  of  dermal 
overlaps  with  lower 
range  of  inhalation 
exposures. 

Using  maximum 
dermal,  exposures  risk 
is  =  7  X  10^. 

n.a. 

PAHs 

Ingestion  is  the 
primary  route  of 
exposure. 

Based  on  average  diets, 
risk  is  =  1  x  10-5;  £qj. 
diets  heavy  in  meat, 
risk  is  =  1  X  10-^ 

n.a. 

For  benzene,  cadmium,  chromium  and  formaldehyde,  based  on  limited  analysis, 
ingestion  and  dermal  contributions  to  carcinogenic  and  non-cardnogenic  risk  are  not 
significant  for  one  or  more  of  the  following  reasons: 

•  Substance  is  not  carcinogenic  by  these  routes  of  exposure. 

•  Exposures  by  these  routes  is  much  lower  than  by  inhalation  and  therefore 
contribution  to  carcinogenic  risk  is  negligible. 

•  Exposures  by  these  routes  is  less  than  the  oral  reference  dose  (RfD),  which 
is  a  'guideline'  set  to  prevent  systemic  non-carcinogerùc  effects. 

For  dioxins  and  furans,  based  on  existing  monitoring  information,  total  exposure 
from  all  routes  is  less  than  25%  of  the  tolerable  daily  intake.  This  suggests  that  long  term 
health  effects  in  Windsor  due  to  these  compounds  are  unlikely  to  occur. 
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Inhalation  exposures  to  merçiuy  amount  to  less  than  10  %  and  ingestion  exposures  to 
about  50%  of  the  applicable  chronic  acceptable  exposure  guidelines.  This  also  suggests  that 
long  term  health  risks  in  Windsor  due  to  mercury  are  unlikely. 

In  addition  to  cancer  and  non-cancer  health  risks,  some  pollutants  have  persistence 
and  bioaccumulative  properties.  The  latter  could  lead  to  long  term  contamination  of  the 
environment,  with  consequent  risks  to  human  health  and  to  the  ecosystem.  Persistent 
substances  are  not  broken  down  in  air,  water  or  soil  and  can  build  up  over  time  to  higher 
concentrations.  Bioaccumulative  substances  build  up  in  the  food  chain.  Some  substances  may 
have  both  properties.  Chromium  VI,  PAHs,  1,4-dichIorobenzene,  carbon  tetrachloride, 
cadmium,  dioxins/fxirans  and  mercury  are  either  persistent,  bioaccumulative  or  both.  Thus, 
efforts  should  continue  to  reduce  their  emissions  to  the  environment  and  to  reduce  human 
exposure  so  as  to  prevent  possible  higher  exposures  in  the  future. 

4.2.2  Comparison  of  the  Main  Inhalation  Exposure  Situations  and  Smoking: 

Smoking  contributes  significantly  to  mortality  in  Ontario^*.  More  than  13,000 
Ontarians  die  each  year  from  tobacco  use.  This  is  almost  five  times  the  number  of  people 
who  die  from  traffic  accidents,  suicides  and  AIDS  combined.  This  situation  is  not  expected  to 
be  different  in  Windsor.  The  exposure  of  a  smoker  as  a  direct  result  of  smoking  activity  was 
examined  for  each  of  the  ten  focus  list  substances  for  perspective  purposes.  It  also  points  out 
another  possible  area  where  the  population  of  Windsor  may  reduce  their  risk  of  exposure  to 
toxic  substances. 

Several  substances  on  the  Windsor  target  list  are  constituents  of  tobacco  smoke.  In 
several  cases,  the  daily  intake  of  a  smoker  from  cigarettes  greatly  exceeds  the  intake  from 
the  three  main  inhalation  situations  of  interest  (i.e.,  outdoor  air  quality  -  100  %  outdoor 
exposure;  typical  outdoor  exposures  -  i.e.,  =  3  hr;  and  typical  personal  exposures).  These  substances 
were:  benzene,  13-butadiene,  formaldehyde,  cadmium,  chromium,  PAHs,  and  dioxins  and 
furans. 
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4.3  COMBINED  IMPACTS 

In  any  urban  area,  the  combined  impact  of  air  toxics  on  outdoor  air  qiiality  is 
generally  of  great  concern  to  people.  As  noted  in  Section  3,  while  the  approaches  for 
evaluating  the  potential  carcinogenic  risk  of  pure  compounds  are  relatively  well-established, 
methods  for  assessing  the  risks  of  complex  mixtures  are  less  developed.  However,  based  on 
the  available  evidence  discussed  in  Section  3,  most  regulatory  authorities  have  adopted 
additivity  of  risks  at  low  doses  as  a  working  assumption  for  risk  assessment  purposes.  This 
working  assumption  was  used  in  this  report  to  estimate  the  carcinogenic  risks  associated 
with  the  combined  impact  of  air  toxics. 

Based  on  the  range  of  risk  values  in  Table  4.1.1.1,  the  range  of  additive  risks 
associated  with  Windsor  outdoor  air  quality  is  between  5  x  lO"^  and  9.4  x  10"^.  To  place  this 
range  of  risks  in  perspective,  the  range  of  additive  risks  associated  with  typical  personal 
exposures  (or  indoor  environments)  in  Windsor,  also  based  on  Table  4.1.1.1,  is  between  1.3  x 
ICT^  and  2.2  x  10'^  These  estimates  are  displayed  in  Figure  4.3.1.  The  additive  ranges  of  risks 
associated  with  typical  personal  exposures  are  generally  higher  than  the  corresponding  ranges 
for  outdoor  air  quality.  A  further  perspective  on  these  risks  can  be  found  in  Table  4.3.1. 

The  ranges  of  additive  risks  estimated  for  other  urban  areas  were  assembled  and  are 
also  displayed  in  Figure  4.3.1.  A  study'  conducted  in  1989  in  the  southeast  Chicago  area 
fovmd  the  range  of  risks  to  be  between  2.2  x  10^  and  5  x  10'^  The  Transboundary  Air  Toxics 
Stud/  for  the  Detroit-Windsor  area  conducted  by  the  US  EPA  found  the  range  to  be  between 
9  x  10"^  and  1.2  x  10"*.  A  major  scoping  study^^  was  conducted  in  1984  on  The  Magnitude  and 
Nature  of  the  Air  Toxics  Problem  in  the  U.S.  This  study  included  some  large  cities  with  medium 
to  heavy  industrialization  and  focused  on  two  to  three  metals,  B(a)P,  and  up  to  ten  volatile 
organic  compounds.  The  additive  risks  ranged  between  0.7  x  10"^  and  2.6  x  10"^. 

It  should  be  recognized  that  there  are  slight  differences  in  the  above  comparisons.  In 
some  of  the  studies,  monitoring  data  are  used  to  estimate  risks,  while  in  other  cases, 
modelling  data  are  used.  While  the  chemicals,  whose  combined  risks  are  being  estimated, 
generally  include  approximately  the  same  group  of  volatile  orgaruc,  semi-volatile  organic  and 
inorganic  pollutants,  there  are  some  differences  in  the  specific  substances.  Also,  the  potency 
factors  used  in  different  studies  may  vary  because  the  studies  were  conducted  at  different 
times.  Keeping  these  caveats  in  mind.  Figure  4.3.1  shows  that  the  risk  associated  with 
outdoor  air  quality  in  Windsor  is  comparable  to  other  urban  areas  where  similar  evaluations 
were  conducted. 
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Table  4.3.1  Perspectives  on  Risks 


RISK  BEING  EVALUATED 

ASSOCIATED  RISK 

TfflS  REPORT 

Individual  Substances: 

Chromium  VI  (Outdoor  Air  Quality) 
Benzene  (Outdoor  Air  Quality) 
Benzene  (Typical  Personal  Exposures) 
1,3-Butadiene  (Outdoor  Air  Quality) 

Total  risks: 

Total  Risk  (Breathing  Outdoor  Air  in  Windsor) 
Total  Risk  (Typical  Personal  Exposures) 

3.6  X  10^  -  5.5  X  10^ 

1.2  X  10-^  -  1.6  X  10^ 

1.3  X  10'^  -  4.9  X  10^ 
1.5  X  10-*  -  1.1  X  10^ 

5.0  X  10"^  -  9.4  X  10^ 
1.3  X  10^  -  2.2  X  IQ-^ 

PERSPECTIVES 

Being  hit  by  lightning 

Travelling  by  commercial  air,  rail  and  bus 

Being  a  pedestrian 

Working  in  manufacturing 

Smoker  cancer  risk  (1  pack) 

Prevailing  cancer  rate 

1  X  10-^ 
1  X  10^ 
1  X  10-5 
1  xlO^ 
1  X  10-2 
3.3  X  10-' 
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GLOSSARY 


Bioavailability: 


The  degree  to  which  a  compound  becomes  available  to  the  target 
tissue  after  administration  or  exposure.  Also  defined  as  the 
capacity  of  a  chemical  to  cross  biological  barriers  (skin,  respiratory 
and  gastrointestinal  mucosa)  and  to  be  absorbed  systemically. 
Generally,  the  more  a  substance  is  bioavailable,  the  greater  the 
amount  of  chemical  absorbed  systemically  (and  thus  present  at  the 
target  organ),  and  the  greater  the  probability  of  adverse  health 
effects. 


Cancer  Potency  Facton 


Gavage: 


Factor  which  when  multiplied  by  the  dose  of  a  carcinogen  gives 
the  associated  lifetime  cancer  risk  (assuming  70  years  lifetime 
exposure).   Potencies  are  expressed  either  in  units  of  inverse 
dose  as  a  potency  slope  ((mg/kg-day)-l)  or,  for  inhalation 
exposure,  as  a  unit  risk  factor  (i.e.  (>ig/m3)-l). 

Forced  feeding,  especially  through  a  tube  passed  into  the 
stomach. 


Inhalation  Slope  Facton 


Kc 


Kow^ 


May  also  be  identified  as  "Unit  Risk  Factor".   The  unit  risk  factor 
is  defined  as  the  estimated  probability  of  a  person  contracting 
cancer  as  a  result  of  constant  exposure  to  an  ambient 
concentration  of  1  pg/m3  over  a  70  year  lifetime  (see  also 
Cancer  Potency  Factor). 

Adsorption  coefficient  for  soil  and  sediments.   Equilibrium 
distribution  of  a  chemical  between  a  liquid  phase  and  organic 
carbon.   K^  provides  an  indication  of  the  tendency  of  a  chemical 
to  adsorb  onto  soil  particles  or  onto  the  surface  of  organisms  or 
other  particulate  matter  coated  with  organic  material. 

Octanol-water  partition  coefficient.  Equilibrium  distribution  of  a 
chemical  between  the  two  liquid  phases.   K^,^  provides  an 
indication  of  the  tendency  of  an  unionized  organic  chemical  to 
accumulate  in  lipid  tissue  and  to  sorb  onto  soU  particles  or  onto 
the  surface  of  organisms  or  other  particulate  matter  coated  with 
organic  material. 
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NOAEL: 


One-hit  model: 


An  exposure  level  at  which  there  are  no  statistically  or 
biologically  significant  increases  in  the  frequency  or  severity  of 
adverse  effects  between  the  exposed  population  and  its 
appropriate  control;  some  effects  may  be  produced  at  this  level, 
but  they  are  not  considered  as  adverse,  nor  as  precursors  to 
adverse  effects. 

A  dose-resporwe  model  of  the  form:  P(d)  =  a  -  exp(-b.dy,  where 
P(d)  is  the  probability  of  cancer  from  a  continuous  dose  rate  d, 
and  b  is  a  constant.   The  one-hit  model  is  based  on  the  concept 
that  a  tumour  can  be  induced  after  a  single  susceptible  target  or 
receptor  has  been  exposed  to  a  single  effective  dose  unit  of  a 
substance. 


Oral  Slope  Factor 
RsO 


See  Cancer  Potency  Factor. 


Risk  Specific  Concentration.  Concentration  (e.g.,  in  air)  of  a 
carcinogen  to  which  constant  exposure  for  a  70  year  lifetime  will 
result  in  an  predetermined  excess  cancer  risk  probability  (e.g.  1 
in  1,000,000  (10^)). 


Risk  analysis: 


Risk  analysis  is  often  used  synonymously  with  risk  assessment. 
In  this  report,  risk  ar\alysis  is  meant  to  include  the  methods  of 
risk  assessment  as  well  as  methods  to  best  use  the  resulting 
information.  This  includes  determining  the  significance  of  the 
risk  by  providing  perspectives  and  communicating  the  risk 
information. 
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AGENCY  ACRONYMS: 

ACGIH:        American  Conference  of  Governmental  Industrial 
Hygienists 

CAPCOA:  California  Air  Pollution  Control  Officers  Association 

GARB:  California  Air  Resources  Board 

CDHS:  Califorrua  Department  of  Health  Services 

HEAST:  Health  Effects  Assessment  Summary  Tables 

IRIS:  Integrated  Risk  Information  System 

MDEP:         Massachusetts  Department  of  Environmental 
Protection 

MOEE:  Ministry  of  Envirorunent  and  Energy 

NYSDOH:  New  York  State  Department  of  Health 

OMOL:  Ontario  Ministry  of  Labour 

OSHA:  Occupational  Safety  and  Health  Admiiustration 
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